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1 .  BACKGROUND 

Historically,  the  analytical  community  has  used  constructive  models  such  as 
Janus  and  the  Combined  Arms  and  Support  Task  Force  Evaluation  Model 
(CASTFOREM)  to  conduct  analysis  for  the  acquisition  process.  These  types  of  models 
do  not  fully  represent  the  impacts  of  human  interaction  with  the  system  and  the 
human  influence  on  combat  effectiveness  of  the  system.  The  Training  and  the 
Research  and  Development  communities  have  used  real  time  man-in-the-loop 
Distributed  Interactive  Simulation  (DIS)  for  several  years.  However,  the  full  potential 
of  DIS  as  an  evaluation  tool  to  support  materiel  acquisition  decisions  has  not  been 
realized. 

The  purpose  of  the  Anti-armor  Advanced  Technology  Demonstration  {A2  ATD) 
is  to  develop  and  demonstrate  a  verified,  validated,  and  accredited  (VV&A)  DIS 
capability  to  support  anti-armor  weapon  system  virtual  prototyping,  concept 
formulation,  requirements  definition,  effectiveness  evaluation,  and  mission  area 
analysis  on  a  combined  arms  battlefield  at  the  battalion  task  force  or  brigade  level. 

The  Battlefield  Distributed  Simulation  -  Developmental  (BDS-D)  simulation's 
synthetic  environment  represents  the  current  state-of-the  art  in  DIS.  Upgrades  to  the 
environment,  simulators,  data  analysis  tools,  and  verification,  validation,  and 
accreditation  are  required  to  make  BDS-D  simulation  a  viable  tool  for  supporting 
acquisition  decisions.  The  BDS-D  Advanced  Technology  Demonstration  (ATD)  is 
upgrading  the  environment  and  has  taken  the  first  step  in  verification,  validation,  and 
accreditation  of  the  modular  semi-automated  forces,  which  simulates  the  computer 
generated  forces.  In  addition,  simulators  being  developed  will  have  next  generation 
hardware  and  also  require  verification,  validation,  and  accreditation. 

The  A2  ATD  technical  objectives  are: 

1. )  Demonstrate  DIS  as  an  evaluation  tool  and  verify,  validate,  and 
accredit  simulators  used  in  the  A2  ATD  experiments,  modular  semi-automated  forces 
(MODSAF),  and  the  BDS-D  simulation. 

2. )  Develop,  demonstrate,  and  document  analytical  tools  (techniques) 
to  evaluate  the  causes  of  simulation  outcomes. 

3. )  Demonstrate  the  linkage  of  constructive  models  (Janus  and  Eagle) 

to  DIS. 
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4.)  Demonstrate  upgraded  virtual  prototypes  (M1A2  Abrams, 
M2A3/M3A3  Bradley,  Line  of  Sight  Anti-Tank  (LOSAT),  Non-Line  of  Sight  (NLOS))  and 
virtual  prototypes  to  be  developed  (Comanche,  Apache,  Armored  Gun  System  (AGS), 
Javelin). 

Simulator  and  semi-automated  forces  verification,  validation,  and  accreditation 
and  development  of  analytical  tools  to  support  the  evaluation  of  causes  of  simulation 
outcomes  were  initiated  in  FY93  to  provide  the  foundation  for  six  experiments  in 
FY94,  FY95  and  FY96.  The  first  FY94  experiment  replicated  two  M1A2  Initial 
Operational  Test  and  Evaluation  (lOTE)  vignettes  to  validate  the  BDS-D  virtual 
simulation  for  the  Ml  A2  based  upon  simulations  of  the  real  tanks  at  Ft.  Hood  (lOTE). 
Experiments  2,  3,  and  5  evaluate  heavy  force  anti-armor  modernization  and  validate 
the  MODSAF  representationsof  the  Ml  A2,  M2A3/M3A3,  LOSAT,  NLOS,  Comanche, 
Apache  and  M1A2  firing  Smart  Target  Acquisition  Fire  and  Forget  (STAFF)  in  High 
Resolution  Scenario  29  in  Southwest  Asia.  Experiment  4  demonstrates  Janus  linked 
to  BDS-D  and  evaluates  Janus  as  an  alternative  to  the  Modular  Semi-automated  Force 
(MODSAF) .  Experiment  6  evaluates  light  force  anti-armor  modernization  and  validates 
MODSAF  representations  of  Javelin,  LOSAT,  NLOS,  Comanche  and  Apache. 
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2.  VERIFICATION,  VALIDATION  AND  ACCREDITATION  OF  MODELS, 
SIMULATORS  AND  SIMULATIONS 

VV&A  is  required  for  models,  simulators  and  simulations  (MS  and  S)  that  are 
used  to  support  ASARC/DAB  programs.  Figure  1  shows  an  overview  of  the  VV&A 
process. 

Verification:  is  the  process  of  determining  that  the  MS  or  S  accurately 
represents  the  developer's  conceptual  description  and  specifications. 

Validation:  is  the  process  of  determining  the  extent  that  the  MS  or  S 
represents  the  intended  real  world  entity. 

Accreditation:  is  an  official  certification  that  the  MS  or  S  has  achieved 
an  established  level  of  credibility  such  that  it  can  be  used  for  a  specific 
application. 
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The  Battlefield  Distributed  Simulation  ■  Developmental  (BDS-D)  is  a  simulation 
consisting  of  a  combination  of  one  or  more  simulators,  modular  semi-automated  forces 
(MODSAF)  and/or  live  systems.  Each  combination  of  simulators,  MODSAF  and  live 
systems  represents  a  unique  simulation  that  requires  Verification,  Validation  and 
Accreditation  (VV&A).  BDS-D  VV&A  requires  VV&A  of: 

1 . )  individual  simulators, 

2. )  MODSAF,  and 

3. )  the  BDS-D  simulation. 


The  Anti-armor  Advanced  Technology  Demonstration  (A2  ATD)  is  focusing  on 
the  class  of  BDS-D  applications  that  support  A2  weapon  systems  evaluation.  In 
support  of  the  A2  ATD  program,  methodologies  and  tools  have  been  designed  and 
developed  to  assist  in  the  VV&A  process  of  individual  simulators,  MODSAF  and  the 
entire  BDS-D  simulation.  In  FY94  these  methods  and  tools  have  also  been 
demonstrated  during  VV&A  of  the  Ml  A2  simulator,  MODSAF  version  1 .2.3  and  the 
A2  ATD  Experiment  1 .  Experiment  1  was  a  BDS-D  simulation  using  Ml  A2  simulators 
and  MODSAF  to  replicate  the  M1A2  Operational  Test  at  Ft.  Hood. 

The  VV&A  tools  for  the  M1A2  simulator  transfer  well  to  other  weapon 
systems/simulators.  For  example,  nearly  all  weapon  systems/simulators  require  a 
gunner  to  detect,  recognize  and  identify  targets;  therefore,  the  Ml  A2  simulator  VV&A 
methodology  and  tools  developed  to  capture  target  acquisition  capabilities  are 
transferable. 
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3.  PURPOSE 

The  purpose  of  this  document  is  to  outline  and  describe  the  VV&A  tools 
developed  for  an  individual  simulator. 


4.  SIMULATOR  VV&A  TOOLS 

The  A2  ATD  program  requires  VV&A  of  individual  simulators.  Since  the 
purpose  of  A2  ATD  centers  on  weapon  systems  evaluations,  then  the  VV&A  tools  are 
also  geared  toward  that  end.  Four  of  the  VV&A  tools  were  designed  and  developed 
under  A2  ATD  and  the  fifth  tool,  the  Simulation  Manger  (SIMAN)  was  developed  by 
STRICOM  in  order  to  control  BDS-D  simulations.  However,  A2  ATD  used  the  SIMAN 
to  assist  in  the  VV&A.  The  five  tools  are: 

1. )  VV&A  Test  Tool  (WATT),  for  target  acquisition  experiments, 

2. )  VV&A  Protocol  Data  Units  (PDUs), 

3. )  Delivery  Accuracy  Logger  Files, 

4. )  DIS  Analytical  Tools  (DISAT),  and 

5. )  Simulation  Manager  (SIMAN) 

The  following  sections  describe  each  one  of  these  tools. 
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4.1  VV&A  Test  Tool  (WATT) 

A2  ATD  developed  the  WATT  to  assist  in  the  conduct  and  analysis  of  target 
acquisition  tests  for  the  M1 A2  simulator.  Two  types  of  stationary  target  acquisition 
tests  are  supported: 

1 . )  One  tests  the  acquisition  capability  In  the  Instantaneous  Field  of 
View  (IFOV),  and 

2. )  the  other  tests  the  acquisition  capability  in  a  Field  of  Regard  (FOR), 

i.e.  search. 

Tests  are  conducted  at  various  ranges  through  each  sensor  (e.g.  DVO,  FLIR,  etc.) 
coupled  with  a  field  of  view  type  (e.g.  narrow,  wide,  zoom,  etc.).  Figures  2  through 
7  and  Appendix  A  contain  a  sample  of  some  of  the  WATT  menus  and  reports. 

Prior  to  conducting  a  target  acquisition  test,  the  test  conditions  must  be 
created.  Figures  2  and  3  show  the  WATT's  Create  Observer  (i.e.  simulator)  and 
Create  Target  menus,  respectively.  The  data  entered  into  these  menus  can  be 
obtained  by  first  determining  observer  and  target  positions  from  MODSAF.  A  number 
of  observer-target  pairs  are  entered  into  the  WATT.  Additionally,  the  test  design 
involves  range  bands.  Figure  4  shows  an  example  of  range  band  break-outs.  This 
data  is  used  by  the  WATT  to  verify  that  the  observer-target  pairs  are  within  the  test 
range  bands.  For  a  FOR  test,  boards  to  mark  the  left  and  right  boundaries  for  the  field 
of  regard/search  are  also  entered  on  another  menu  screen.  After  the  target  acquisition 
test  cases  are  input  to  the  WATT,  then  the  test  may  be  conducted. 

The  WATT,  in  conjunction  with  the  simulator,  is  used  to  execute  a  target 
acquisition  test.  Figure  5  shows  the  first  WATT  menu.  Here  the  observer's/soldier's 
personnel  information  is  entered.  When  "Go"  is  depressed,  the  sequence  of  observer- 
target  pairs  will  be  executed  and  the  acquisition  data  menu  appears  on  the  WATT. 
The  simulator  is  positioned  at  a  particular  location  on  the  virtual  battlefield  and  the 
target  appears  at  a  predefined  location.  In  an  IFOV  test,  the  soldier  looks  through  the 
sight  and  attempts  to  acquire  the  target  at  the  highest  level  of  acquisition  that  he  can 
discern.  Acquisition  levels  in  ascending  order  are:  no  target,  detection,  recognition  - 
target  class,  and  identification  -  target  nomenclature.  The  acquisition  data  menu. 
Figure  6,  contains  the  choices  of  soldier  acquisition  responses.  Furthermore,  the 
soldier  will  also  state  which  partitioned  segment  of  the  sight.  Figure  7,  the  target 
appears  in.  In  the  FOR  test,  the  soldier  searches  for  a  target  in  an  area  delineated  by 
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Figure  2  Create  Observer  Menu 
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Figure  5  Personnel  Data  Menu 
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Figure  6  Acquisition  Data  Menu 
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the  left  and  right  board  markers.  When  he  locates  a  target,  the  soldier  states  the 
acquisition  at  the  highest  level  he  can  distinguish.  For  both  IFOV  and  FOR  tests,  a 
stop  clock  tracks  the  time  elapsed  between  target  appearance  and  the  soldier's 
response.  After  the  target  acquisition  test  trials  are  completed,  the  WATT  produces 
a  report. 

Appendix  A  pages  A-2  through  A-1 1  show  the  output  results.  Each  individual 
observer-target  pair  is  tracked  and  scored.  Accounting  scores  for  observer  responses 
versus  ground  truth  are  maintained  for  detection,  recognition,  identification,  false 
targets,  null  targets  and  time.  Near  the  end  of  the  report,  summary  data  is  produced. 
A  sample  is  contained  on  pages  A- 10  and  A-1 1 . 

The  WATT  assists  in  rapidly  stepping  through  structured  target  acquisition 
tests,  scoring  and  summarizing  the  results. 
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4.2  VV&A  Protocol  Data  Units  (PDU's) 

A  PDU  is  a  unit  of  data  that  is  passed  on  a  network  between  simulation  entities 
or  applications.  Standard  PDU's  are  defined  by  the  Distributed  Interactive  Simulation 
(DIS)  Community.  VV&A  PDU's  are  specialized  PDU's  generated  by  the  simulator. 
Actually,  the  VV&A  PDU's  are  not  separate  PDU's,  but  are  wrapped  inside  an  Action 
Response  PDU  customized  for  each  VV&A  category.  The  VV&A  PDU's  contain  data 
that  cannot  be  derived  from  the  Standard  DIS  PDU's;  the  VV&A  data  contains 
intermediate  and  final  calculations  that  the  simulator  must  determine  in  order  to 
function/operate  correctly. 

Six  VV&A  PDU's  were  designed,  developed  and  used  in  the  M1A2  simulator. 
These  PDU's  transfer  well  to  other  weapon  platforms;  however  additional  PDU's  may 
be  necessary  to  VV&A  other  weapon  systems  which  exhibit  special  characteristics. 
Currently  there  are  six  VV&A  PDU's  and  the  structure/data  fields  of  these  PDU's  are 
contained  in  Appendix  B.  The  following  briefly  describes  each  PDU; 

1. )  Target  Acquisition  and  Tracking  PDU.  The  Target  Acquisition  and 
Tracking  PDU  is  transmitted  periodically  at  time  intervals.  From  the  structure 
contained  in  Appendix  B,  it  is  apparent  that  this  information  is  used  to  analyze  target 
tracking  ability  for  a  delivery  accuracy  evaluation.  This  PDU  data  can  also  be  used  to 
analyze  search  patterns  for  a  target  acquisition  evaluation. 

2. )  Delivery  Accuracy  PDU.  The  Delivery  Accuracy  PDU  is  transmitted  when 
a  round  is  fired.  The  data  in  this  PDU  is  used  to  conduct  a  delivery  accuracy 
evaluation.  This  PDU  is  used  in  conjunction  with  the  Target  Acquisition  and  Tracking 
PDU  in  order  to  conduct  delivery  accuracy  evaluations  for  the  Sabot  and  HEAT 
rounds. 

3. )  Direct  Fire  Vulnerability  PDU.  The  Direct  Fire  Vulnerability  PDU  is  generated 
when  the  simulator  receives  a  hit  from  a  round.  The  data  in  this  PDU  provides  the 
information  to  conduct  an  analysis  regarding  the  direct  fire  vulnerability  algorithms  for 
kinetic  energy,  shaped  charge  and  top-attack  direct  fired  munitions. 

4. )  Indirect  Fire  Vulnerability  PDU.  The  Indirect  Fire  Vulnerability  PDU  is 
generated  when  an  indirect  fire  round  detonates  with  a  certain  radius  of  the  simulator. 
The  information  provides  the  ability  to  analyze  the  simulator's  indirect  fire  algorithms 
for  both  high  explosive  and  ICM  type  artillery  rounds. 
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5. )  Smart  Target  Acquisition  Fire  and  Forget  (STAFF)  PDU.  The  STAFF  PDU 
is  generated  when  the  simulator  fires  a  STAFF  munition.  This  PDU  contains  data 
which  is  customized  to  the  STAFF  munition.  The  STAFF  round  is  a  fire  and  forget 
round  equipped  with  a  seeker.  Once  a  target  is  located  by  the  STAFF  munition,  then 
the  STAFF  fires  a  submunition  down  onto  the  target.  For  analysis,  the  STAFF  PDU 
is  used  to  assess  the  STAFF  round  delivery  accuracy  and  STAFF  submunition 
functioning. 

6. )  Coax  Machineaun  PDU.  The  Ml  A2  simulator  generates  a  Coax  PDU  when 
a  7.62mm  tracer  round  is  fired.  A  tracer  round  occurs  on  every  5th  round  of  7.62mm 
munition.  The  simulator  models  the  tracer  round  in  order  to  reduce  the  total  number 
of  packets  which  would  be  required  if  each  round  were  modeled.  This  approach  was 
chosen  because  of  the  7.62mm  coax  machinegun's  rapid  firing  rate.  The  Coax  PDU 
contains  data  relative  to  a  burst-fire  weapon  system.  This  PDU  is  used  to  evaluate 
the  7.62mm  delivery  accuracy. 

The  various  VV&A  PDU's  can  each  be  turned-on  or  turned-off.  The  capability 
of  turning  off  the  VV&A  PDU's  is  necessary  before  conducting  a  BDS-D  Experiment. 
There  is  concern  that  the  Standard  DIS  PDU's  generated  during  an  Experiment  could 
overload  the  network.  Therefore,  additional  data/information  generated  by  the  VV&A 
PDU's  simply  add  more  packets  on  the  network  which  potentially  may  cause 
network/real-time  problems. 

The  VV&A  PDU's  were  designed  specifically  for  the  Ml  A2  simulator;  however 
they  are  sufficiently  general  that  they  may  be  used  to  capture  the  same  data  for  nearly 
all  ground  platforms.  The  Target  Acquisition  and  Tracking  PDU  is  applicable  to  any 
weapon  system  that  manual  searches  and  tracks  targets.  This  PDU  could  possibly 
also  be  used  for  automatic  tracking.  The  Delivery  Accuracy  PDU  may  apply  to  any 
weapon  system  simulator  that  fires  a  round  and  uses  biases  and  dispersion  to  model 
the  fly-out.  The  Direct  Fire  Vulnerability  and  Indirect  Fire  Vulnerability  PDU's  are 
applicable  to  any  simulator  that  uses  the  standard  Army  vulnerability  algorithms.  The 
Staff  PDU  may  be  used  for  other  fly-over  shoot-down  type  munitions.  And  finally  the 
Coax  PDU  may  be  applicable  to  other  burst-fired  munitions. 
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4.3  Delivery  Accuracy  Logger  Files 

Prior  to  the  A2  ATD  Experiment  1 ,  the  delivery  accuracy  capability  of  the  M 1 A2 
simulator  firing  sabot  and  High  Explosive  Anti-Tank  (HEAT)  rounds  was  VV&A'd. 
Tests  similar  to  the  Technical  Tests  conducted  on  live  M1A2  tanks  at  the  Proving 
Ground  were  re-created  in  the  virtual  battlefield  environment.  Four  major  test 
scenarios  are: 

1 . )  stationary  firer  versus  stationary  targets, 

2. )  stationary  firer  versus  moving  targets, 

3. )  moving  firer  versus  stationary  targets,  and 

4. )  moving  firer  versus  moving  targets. 

The  virtual  test  set-ups  are  created  with  logger  files,  which  are  comprised  of 
PDU's.  The  M1A2  simulator  is  separately  placed  on  the  battlefield  by  use  of  the 
simulator  console.  During  simulator  delivery  accuracy  testing,  the  logger  files  are 
played  back  on  the  Datalogger  while  the  soldiers  in  the  simulators  engage  targets. 
Figures  8  through  1 1  graphically  show  the  various  delivery  accuracy  target  board  set¬ 
ups. 


Figure  8  contains  the  stationary  firer  versus  stationary  target-board  test.  Four 
separate  logger  files  were  developed  to  place  the  eight  collective  target-boards  at 
1 500,  2500,  3000,  and  3500  meters  range  from  the  simulator.  One  logger  file  at  a 
time  is  played  back,  while  the  gunners  fire  two  sabot  rounds  at  each  target  in 
sequence.  Next,  two  HEAT  rounds  are  fired  at  each  target.  Then,  the  2500  meters 
logger  file  is  played  and  the  sequence  continues  until  the  last  logger  file  is  played  back 
and  engaged. 

The  stationary  firer  versus  moving  target-board  tests  are  shown  in  Figure  9. 
One  moving  target  is  a  crossing  target  and  the  other  moving  target  is  an  evasive 
maneuvering  target  replicating  the  Anti-Tank  Missile  Test  (ATMT)  path.  For  the 
crossing  target,  three  logger  files  were  developed  for  target  ranges  of  1 500,  2000  and 
2500  meters  distance  from  the  simulator.  The  1 500  meter  logger  file  is  played  back. 
After  the  target  passes  the  marker;  then  the  soldiers  fire  2  sabot  and  2  HEAT  rounds. 
That  same  logger  file  is  played  back  a  number  of  times  to  obtain  sufficient 
replications.  Next,  the  2000  meter  logger  file  is  engaged  and  replicated,  followed  by 
the  2500  meter  logger  file.  In  the  case  of  the  stationary  firer  versus  maneuvering 
target,  three  logger  files  were  developed  for  target  ranges  of  1 500,  2000  and  2500 


16 


VV&A  Tools  For  Simulators 
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Figure  8  Stationary  Firer  vs  Stationary  Target 
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Figure  9  Stationary  Firer  vs  Moving  Target 
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Figure  10  Moving  Firer  vs  Stationary  Target 
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meters.  During  this  test,  the  soldiers  fired  10-20  sabot  rounds  in  one  replication  and 
10-20  HEAT  rounds  in  the  next  replication. 

The  moving  firer  versus  stationary  targets  tests  are  shown  in  Figure  10.  The 
stationary  targets  and  markers  are  played  back  in  a  logger  file.  The  head-on  firer 
approaches  one  of  the  target  boards.  As  the  simulator  passes  each  marker,  the 
gunner  fires  2  sabot  and  2  HEAT  rounds.  For  the  next  replication,  the  simulator  is 
repositioned  to  its  previous  location,  drives  toward  the  other  target-board,  and  fires 
while  passing  the  markers.  This  is  repeated  until  sufficient  replications  are  achieved. 

The  crossing  firer  versus  stationary  target.  Figure  10,  consists  of  two  logger 
play  back  logger  files.  One  logger  file  locates  the  target  at  1 000  meters  range  and  the 
other  logger  file  places  the  target  at  1 500  meters  range.  As  in  all  cases,  the  simulator 
is  positioned  by  the  simulator  console.  In  this  test,  the  gunner  slews  the  turret  on 
target.  As  the  simulator  passes  the  first  marker  two  sabot  and  two  HEAT  rounds  are 
fired.  Each  logger  file  is  replicated  a  number  times. 

The  last  delivery  accuracy  test  examines  the  moving  firer  versus  moving  target 
scenario,  as  shown  in  Figure  1 1 .  One  logger  file  was  developed  with  markers  and  the 
target-board  located  at  1 500  meters  range.  During  the  test,  as  the  simulator  passes 
the  marker  and  the  target  is  in  between  the  markers,  then  the  gunner  fires  two  sabot 
rounds.  Again,  the  logger  file  is  replicated. 

Logger  files  provide  the  ability  to  control  a  vehicle's  path  and  speed,  through 
specifying  location  points  on  the  path  and  the  vehicle's  velocity  and  acceleration. 
Logger  files  also  allow  a  target  to  sustain  multiple  hits  without  any  damage  or  kill 
effect,  which  would  interfere  in  a  delivery  accuracy  test.  Furthermore,  the  target's 
height  above  terrain  can  be  held  constant  in  a  logger  file,  which  is  another  desirable 
condition  for  delivery  accuracy  tests.  MODSAF,  on  the  other  hand,  does  not  permit 
the  ability  to  input  exact  points  on  a  path  and  to  specify  a  particular  velocity  and 
acceleration  between  the  points.  MODSAF  also  forces  vehicles  to  follow  the  terrain 
and  to  negotiate  around  unpassable  terrain  or  obstacles. 
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4.4  DIS  Analytical  Tools  (DiSAT) 

During  VV&A  testing,  the  simulator  sends  and  receives  standard  DIS  PDU's  in 
addition  to  sending  the  specialized  VV&A  PDU's.  All  these  PDU's  are  captured  on  a 
Datalogger.  The  Datalogged  PDU's  form  the  primary  basic  raw  data  which  can  be 
used  in  calculations  to  produce  measures  of  effectiveness,  performance,  and 
behaviors.  The  DIS  Analytical  Tools  (DISAT),  developed  by  A2  ATD,  consist  of  a 
number  of  computer  routines  which  calculate  certain  measures  of  merit  based  on  the 
Datalogged  PDU's.  A  subset  of  the  DISAT  tool  box  was  designed  to  support 
simulator  VV&A. 

The  majority  of  the  simulator  VV&A  DISAT  routines  simply  extract  the  VV&A 
PDU's  (actually  Action  Response  PDU's),  format  the  VV&A  PDU  fields  and  output  the 
data.  The  VV&A  PDU's  contain  the  simulator's  calculations.  In  addition  to  the  VV&A 
PDU's,  the  DISAT  uses  other  Standard  DIS  PDU's  to  determine  critical  data  necessary 
to  supplement  and  to  validate  the  calculations  that  are  contained  in  the  VV&A  PDU's. 
The  Standard  DIS  PDU's  typically  used  are  the  Entity  State,  Fire  and  Detonate.  The 
DISAT  formats  and  outputs  applicable  fields  such  as  the  simulator's  location  and 
heading,  the  target  location  and  heading,  round  detonation  location,  etc.  The  DISAT 
also  calculates  the  range  to  target,  attack  angle  of  rounds,  velocity  versus  time  and 
acceleration  versus  time. 


20 


VV&A  Tools  For  Simulators 


4.5  Simulation  Manager  (SiMAN) 

The  Simulation  Manager,  developed  by  STRICOM,  issues  and  receives 
Simulation  Management  PDU's  in  order  to  initiate  and  control  an  exercise.  POU's  that 
SIMAN  sends  are:  Set  Data,  Data  Query,  Action  Request,  Create  Entity,  Remove 
Entity,  Start/Resume,  and  Stop/Freeze.  PDU's  that  SIMAN  receives  are:  Event  Report, 
Data,  Action  Response,  and  Acknowledge.  All  these  PDU's  are  not  supported  in  the 
current  SIMAN  release.  However,  some  of  the  SIMAN  PDU's  were  used  to  support 
the  Ml  A2  simulator  VV&A,  and  as  the  SIMAN  matures  this  tool  may  be  more  useful 
in  facilitating  the  conduct  of  simulator  VV&A. 

The  SIMAN  issues  Set  Data  PDU's  that  can  be  used  to  set  the  fuel  level  in  a 
simulator.  This  Set  Data  was  used  in  the  M1A2  simulator  VV&A  to  zero  the  fuel 
levels  in  the  left  and  right  fuel  tanks,  and  to  set  the  fuel  level  in  the  rear  tank  to  a 
specific  number  of  liters.  Subsequently,  a  fuel  consumption  test  could  be  executed 
with  a  known  initial  quantity  of  fuel.  Without  this  tool  either  1)  the  simulator  code 
would  have  to  be  changed  or  2)  the  fuel  consumption  test  must  be  run  with  full  rear 
and  full  auxiliary  fuel  cells  requiring  an  inordinate  amount  of  time  to  starve  the 
simulator  of  fuel. 

Another  PDU  that  the  SIMAN  issues  is  the  Data  Query  PDU.  This  PDU  can  be 
used  to  specify  the  periodic  time  interval  that  the  simulator  issues  the  Target 
Acquisition  and  Tracking  VV&A  PDU.  The  simulator  is  hard-coded  to  issue  the  Target 
Acquisition  and  Tracking  PDU  once  every  2  seconds,  currently;  however,  to  support 
tracking  analysis  for  delivery  accuracy  VV&A  the  data  must  be  captured  at  a  minimum 
frequency  of  1 2  hertz.  The  Data  Query  PDU  was  used  during  the  Ml  A2  VV&A  to  set 
the  frequency  of  the  Target  Acquisition  and  Tracking  PDU. 

The  Data  Query  PDU  can  also  be  used  to  change  the  Dead  Reckoning 
parameters.  This  was  not  used  for  the  Ml  A2  simulator  VV&A;  however,  it  could  be 
used  to  support  mobility/automotive  performance  tests.  Appropriately  changing  the 
Dead  Reckoning  parameters  will  force  Entity  State  PDU's  to  be  generated  more  often. 
Entity  State  PDU's  are  the  primary  data  source  for  mobility  test  data  such  as  distance 
traveled,  velocity,  acceleration,  etc.  Frequent  data  points  allow  a  better  estimate  of 
actual  simulator  performance. 

SIMAN  was  only  used  for  a  few  functions  during  the  Ml  A2  VV&A;  however, 
these  functions  were  critical  to  obtaining  quality  data,  reducing  test  time  and  avoiding 
temporarily  changing  hard-coded  simulator  default  values. 
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5  .  SUMMARY 

The  VV&A  tools  will  continue  to  evolve  and  mature.  In  addition,  other  tools 
will  be  developed.  For  example,  play-back  logger  files  for  vulnerability  tests  would 
significantly  reduce  vulnerability  test  set-up  and  execution.  The  VV&A  tools  for 
simulators,  to-date,  have  been  developed  for  the  Ml  A2  simulator;  however  the  tools 
are  sufficiently  general  for  other  weapon  simulators  to  use  or  adapt. 
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APPENDIX  A  -  WATT  SAMPLE 


'  W&A  Tools  For  Simulators 


(This  page  intentionally  left  blank) 


A-2 


A-3 


REPORT34561  .DAT.save1 


REPORT34561 .0AT.save1 


A-6 


REPORT34561  .OAT-savel 


u . 

sll: 

lisS 


2>6  S’^S 

dSi  ip 

I S  V  I S  V 

-:s  -Ts 

8**1  8»*| 

o  « a  0*0 

.^9*  •  2  ^ 

©••  o«* 


• «  I  '  I  •  j  • 

j5.5:|8.a| 

».n8  itM  ••« 

«an  5  ®  .  ' «  S  «  « 

SiSS  SS|82|«| 

Is"* 

Si*  .  B— «B  — 


Zr 

kn2  So 


S-;  I 

'I  i!  I 


M  M  A  a«  «t  . .  a  *•  M  M  ^  2 

!Slf!!!l  -ll«i  5-'  i  - 

iU*  acsa^cst!  ell  e 


i«l'  iHSilSS  *f|  Ilf  j| 

\ilul  U  i  gssg§8  |sl 


S:ll! 


Q««i« 

.  r«  fl  •  ^  SB 

ontf  Ofiw 

f>4 

I  *«^  V  12V 


o  »i  «  O  ^  * 

o  >  u  ^ 

o  -  c  o  *  ti 


r$  .m  mtn  . «  5 
wo  n  «  wo  5* 

^  M  rt  W 

g  I  O  •  I  w 

O  I  B  * 

*  •  O  w  •  O 

’■l4!:Ui 

•••9«  B  B 

288f58§g 

«  u  tar*  o  o  ta 

.igggigSs 

2 


i  8** 

•.4  OO 


•S  S'OQ 

i||ll 

iflis 


4  liSlfilllllliSiiSfllliSlsilSSssSssssSSscsgSBSSBBBB 


o  o4rm 
o  o  o  • 
oo«  o 


pioSo  AOOOOOO 
#oooo'#r“r»f^isf^ 


oooeoH 

p»r^r*r 


•  m  o 

.  s;| 


0  4  ....  M 

<.4  B 

SlsHs 


€  1 


illg§2  el!  ii  i 


o  o  -  O  O  ' 
8o8  So| 
o  I  a  a  •  a 

•OJ  log 

"a** 

a  W  ^  W 

OtBA  OOA 

®ss  ^fis 
“2^  "a? 

•S8  ‘SS 
“.r  “,r 

OHI  gHi 


2s1  U]  I  i-; 

.r-  ,-5i  3  ^2*1 

-oS  -«s  ?^?5a  ? 


o3  vOMf%wOMr»  r  w« 

sS“  S'TSg'TS  JSkStf 

•?.:  SJ'IsS'S  ^st?* 

S.a  g-acsg-aas 

l-i  srr: 


O  O  « 

(ta  lA  «n  lA  w*  tn  lA  I 


)f>*  OOtO** 

r«  r-'  o  o  •  i 

I  M  ^  ^  M  V*  ■ 


-II2  S§«*3**“  »:-«||^  ! 

All  a|»S8|i8§  ! 

j2g§S  |2  2  |s2g§8  j 

I _ I _ 1 _ i 

'J?oSo3r^^5»<ta«r*ooo*;«25j!J2SR22l 

irtWirt«ita(rt»ta(ta»AiO»A'A*A(taOO^« 


r»  u 
O 

•  O  ri  • 

ti  a 

2:-« 
£g* . 

llli 


o  o 

-oO  •'O 

o  e  00 


o  <#  fi  o  «•  t* 

Ssi  Ss§ 

o  lu  S  «* 

i  n  V  •  «  V 


o  M  g  O  »i  • 

O  >  O  > 

o  • a  0*0 

osr  oSo^ 

*Z*  •  W  • 

o  fo  flO  ^  0 

rt  *<*!■ 

wo  n  «  wo  n  o 

|f(  w  m  w 

•  10  Bio 

C  ‘  6  I 

sg'SsS's 

g'eaop'iSo 


:9§3:ii: 

..^i§8^i§8 

s2  2 


lOOOOOOOOtOOOOOO* 


A-7  . 


REPORT34561  .OAT^el 


REPORT34561  .DAT.8ave1 


A-10 


REPORT34561  .DAT.save1 


A-11 


REPORT34561  .DAT.savel 


,A-12 


REPORT34S61 .0AT.save1 


W&A  Tools  For  Simulators 


APPENDIX  B  -  VV&A  PDU's 


B-1 


W&A  Tools  For  Simulators 


(This  page  intentionally  left  blank) 


B-2 


This  section  details  the  message  formats  used  for  transmitting  W&A  data  in  DIS  Action  Response 
POUs.  There  is  a  PDU  format  table  corresponding  to  each  one  of  the  6  Action  Response  PDUs 
customized  for  VV&A. 


■kuSh 

Reids  Of  Action  Response  PDU  Customized  For 

Taroet  Acquisition  And  Tracking  VV&A 

96 

PDU 

HEADER 

Protocol  Version  -  8  bit  enumeration 

Exercise  ID  -  8  bit  unsigned  integer 

PDU  Type  -  8  bit  enumeration 

Padding  •  8  bit  unused 

Time  Stamp  -  32  bit  unsigned  integer 

Length  •  16  bit  unsigned  integer 

Padding  *16  bits  unused 

64 

ORIGINATING 

BmTYID 

Site  •  16  bit  unsigned  integer 
Application  - 16  bit  unsigned  integer 
Entity  - 16  bit  unsigned  integer 

Group  -16  bit  unsigned  integer 

64 

RECEIVING 

BfmYID 

Site  - 16  bit  unsigned  integer 
Application  - 16  bit  unsigned  integer 
Entity  - 16  bit  unsigned  integer 

Group  -16  bit  unsigned  integer 

32 

PADDING . 

32  bits  unused 

32 

REQUEST  ID 

32  bit  unsigned  integer 

32 

REQUEST  STATUS 

32  bit  unsigned  integer 

32 

NUMBER  OF  FIXED  DATW4 
FIELDS 

0x00000000 

32 

NUMBER  OF  VARIABLE 
DATUM  FIELDS 

0x00000001 

1472 

TARGET 

ACOUISmOfs  AND 
TRACKING  \*/&A 

DATA 

0x000001 2C  (300) 

(See  Section  4.2.2.1.2)  -  32  bit  unsigned  int 

0x00000580  (1408) 

32  bit  unsigned  integer 

Sight  World  Position  -  X  Coordinate 
-64  bit  float 

Sight  World  Position  -  Y  Coordinate 
-  64  bit  float 

Sight  World  Position  -  Z  Coordinate 
-  64  bit  float 

Sight  World  Orientation  -  Psi 
-  32  bit  float 

Sight  World  Orientation  -  Theta 
-  32  bit  float 
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Sight  Wofld  Orienation  -  Pni 
-  32  bit  float 

Gun  Wrt  Sight  Offset  -  Azimith 
.32bitfk5at 

Gun  Wit  Sight  Offset  -  ElevaSon 
-  32  bit  float 

Lead  Skiht  -  8  bit  unsigned  integer 

Active  Handle  -  8  bit  unsigned  integer 

Handle  Signal  •  8  bit  unsigned  integer 

Padding  •  8  bits  unused 

Target  World  Position  -  X  Coodinate 
•  64  bit  float 

Target  Worid  Position  -  Y  Coodinate 
•  64bitfloat 

Target  World  Position  -  Z  Coodinate 
-64  bit  float 

Target  World  Velocity  -  X  Coodinate 
-32  bit  float 

Target  World  Velocity  •  Y  Coodinate 
-32bitfloat 

Target  World  Velocity  -  Z  Coodinate 
-32  bit  float 

Target  Entity-  Site  ID  - 16  bits 

Target  Entity-  Application  ID  - 16  bits 

Target  Entilv-  Entity  ID  - 1 6  bits 

Ballistic  Range  - 1 6  bit  unskjred  int 

Ballistic  Suoerelevation  -  32  tit  float 

Ballistic  Lead  -  32  bit  float 

Lay  Error  -  Azimuth 
•  -32  bit  float 

Lay  Error  -  Etevation 
-32  bit  float 

Kinematic  Lead  Error  -  32  bfe  float  _ 

Target  Rate  Wrt  Vehicle  -  Azimuth 
-32  bit  float 

Target  Rate  Wrt  Vehicle  -  Ele-zation 
-32  bit  float 

Sight  Tracking  Rate  -  Azimuth 
-32  bit  float 

Sight  Tracking  Rate  -  Elevazon 
-32  bit  float 

Tracking  Rate  Error  -  Azirruth 
-32  bit  float 

Tracking  Rate  Error  -  Elev^oon 
-32  bit  float 

Gun  World  Position  -  X  Cooroinate 
-  64  bit  float 

Gun  World  Position  -  Y  Coordinate 
-64  bit  float 

Gun  World  Position  -  Z  Coordinate 
-  64  bit  foat 

Gun  World  Orientation  -  .-si 
-  32  bit  foat 

Gun  World  Orientation  -  T-eta 
-  32  bit  f  oat 

Gun  Worid  Orientation  -  rMi 
-  32  bit  foat 

System  Induced  Eror  •  32  bt  float 
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*  and  Tracking  W&A, 


'Fields  Of  Action  Response  PDU  Customized  Por 

Delivery  Accuracy  VV4A 

56 

Protocol  Version  -  0  Dii  enumeraLon 

Exercise  ID  -  8  bit  unsioned  intecer 

PDU 

—  III  1  mil . — ■ 

HEADER 

Padding  -  8  bit  unused 

Time  Stamo  -  32  bit  unstoned  integer 

Lenotb  - 16  bt  unsiansd  inteper 

Paddino  - 1 6  bits  unused 

€4 

ORIGINATINQ 

ENTnYID 

Site  - 16  bit  unsigned  integer 
Application  - 16  bit  unsigned  integer 

Entity  - 16  bfc  unsigned  integer 

Grouo  -1 6  bi:  unsioned  integer 

€4 

RECEIVINQ 

ENTITY  ID 

Site  - 16  bit  unsigned  integer 
Application  - 16  bit  unsigned  integer 

Entity  - 16  W  unsigned  integer 

Grouo  *16  b'c  unsioned  inteoer 

32 

PADDING 

32  bts  unused 

32 

REQUEST  ID 

32  bit  unsoned  integer 

32 

REQUEST  STATUS 

32  bit  ursiqned  irteqer 

32 

NUMBER  OF  FIXED  DATUM 
FIELDS 

OxODOOOOOO 

32 

NUMBER  OF  VARIABLE 
DATUM  RELDS 

0x00000001 

8576 

i 

DEUVERY 

ACCURACY 

VV&A 

DATA 

j 

1 

0X000G012D  (301) 

iSee  Section  4.2.2.1.2)  -  32  bit  unsigned  int 

0x00002140  (K12) 

32  bit  unsigned  irteqer 

Sight  World  Position  -  X  Coordinate 
-  64  bit  float 

Sight  World  Position  -  Y  Coordinate 
-  64  bit  float 

Sight  World  Position  -  Z  Coordinate 
-64  bit  float 

Siaht  Woric  Orientatcn  -  Pe 
-  32  bit  float 

Sight  World  Orientatcn  -  The3 
-  32  bit  float 

Sight  Woric  Orientaton  -  Ph 
-32  bit  float 

Gun  Wrt  Sigtt  Offset  •  Azimun 
-  S  bit  float 

Gun  Wrt  Sign  Offset  -  Elevatcn 
-  32  bit  float 

Time  At  Firino  -  32  bit  unsioned  integer 

Lead  Siaht  -  6  bit  unsicned  intecer 

Taroet  Hit  Status  •  8  bits  unsigned  integer 

Firs  Evert  -  Site  ID  - 1 6  bits 

Fire  Event  -  Arplicatior.  ID  - 16  cits 

Fire  Event  -  ^vent  ID  - 16  bits 

Target  World  Position  -  X  Coorcnate 
-  £-4  bit  floa: 

Target  World  Fcsition  -  Y  Cooronale 
-  £-!•  bit  float 
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Target  Wortd  Position  -  Z  (Coordinate 
-  64  bit  float 

Target  World  Velocity  -  X  Coordinate 
-32  bit  float 

Target  World  Velocity  -  Y  Coordinate 
-32  bit  float 

Target  World  Velocity  -  Z  (Coordinate 
-32  bit  float 

Target  Entity-  Site  ID  - 16  bits 

Target  Entity-  Aiaplication  ID  - 16  bits 

Taroet  Entity-  Entity  ID  - 16  bits 

Ballistic  Ranae  - 1 6  bit  unsianed  int 

Ballistic  Suoereleyation  -  32  bit  float 

Ballistic  Lead -32  bit  float 

Ballistic  (Cant -32  bit  float 

Ballistic  Barometric  Pressure 
•  32bitfloat 

Ballistic  Crosswind  Direction  From  North 
.  -32  bit  float 

BaiSstic  Crosswind  Magnitude 
-  16bitjnteqer 

Ballistic  Ammo  Temperature 
- 16  bit  integer 

Ballistic  Air  Temperature 
- 16  bit  inteoer 

Environment  Ammo  Temperature 
- 16  bit  integer 

Environment  Air  Temperature 
- 16  bit  inteoer 

Environment  Crosswind  Magnitude 
- 16  bit  inteoer 

Environment  Crosswind  Direction  Prom  Norm 
-32  bit  float 

Environment  Barometric  Pressure 
-  32  bit  float 

Kinematic  Lead  Error  -  32  bit  noat 

Lay  Error  -  Azimuth 
-  32  bit  float 

Lay  Error  -  Elevation 
-32  bit  float 

Lay  Point  World  Position  -  X  Coordinate 
-64  bit  float 

Lay  Point  World  Position  -  Y  Coordinate 
-  64  bit  float 

Lay  Point  World  Position  -  Z  Coordinate 
-  64  bit  float 

Taroet  Rate  Wrt  Vehicle  -  Azimuth 
-32  bit  float 

Target  Rate  Wrt  Vehicle  -  Elevation 
-32  bit  float 

Sicht  Tracking  Rate  -  Azimuth 
-32  bit  float 

Sicnt  Tracking  Rate  -  Elevafton 
-32  bit  float 

Tracking  Rate  Error  -  Azimuth 
-32  bit  float 

Tracking  Rate  Error  -  Elevation 
-32  bit  float 
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Gun  World  Position  -  X  Coordinate 

-64  bit  float _ _ 


Gun  Wodd  Position  -  Y  Coordinate 

-64  bit  float  _ 


Gun  Woild  Position  -  Z  Coordinate 

-64bitfloat _ 


Gun  Wortd  Orientation  -  Psi 
-  32  bit  float 


Gun  World  Orientation  -  Theta 

-32bitfloat  _ 


Gun  World  Orientation  -  Phi 

-32bitfloat  _ 


Gun  World  Orientation  With  All  But  Static 
Round  Dispersion 
-Psi -32  bit  float _ 


Gun  World  Orientation  With  All  But  Static 
Round  Dispersion 
-  Theta  -  32  bit  float _ 


Gun  Worid  Orierrtation  With  All  But  Static  I 
Round  Dispersion 

_ -Phi -32  bit  float 

Gun  Worid  Orientation  With  All  Dispersions 
-  Psi  -  32  bit  float _ 


Gun  Worid  Orientation  With  All  Dispersions 
-  Theta  -  32  bit  float _ 


Gun  Worid  Orientation  With  All  Dispersions 
-  Phi  -  32  bit  float _ 


System  Indtx^ed  Error  -  32  bit  float 


Time  Of  Right  To  Target  Range 

-32  bit  float _  _ 


s*8bi 


Padding  -  24  bits  unused  _ 


Fixed  Bias  -  Horizontal  -  32  bit  float 


Fixed  Bias  -  Vertical  -  32  bit  float 


rsion  -  Horizontal  -  32  bit  float 


-32 


Static  Round  Disperaon  -  Horizontal  -  32  bit 

_ float  _ 

Static  Round  Dispersion  -  Vertical  -  32  bit  float 
Dynamic  SM  Dispersion  Add-On  -  Horizontal 

_ -  32  bit  float  _ 

Dynamic  SM  Dispersion  Add-On  -  Vertical 

_ -  32  bit  float  _ 

Dynamic  MS  Dispersion  Add-On  -  Horizontal 

_  -  32  bit  float  _ 

Dynamic  MS  Dispersion  Add-On  -  Vertical 

_ -  32  bit  float  _ 

Gun  Pointing  Error  -  Horizont^ 

-  32  bit  float _ 


Gun  Pointing  Error  -  Vertical 

-  32  bit  float  _ 


Total  Gun  Pointing  Error  -  Horizontal 

-  32  bit  float _ 


Total  Gun  Pointing  Error  -  Vertical 
-  32  bit  float  ' 


Total  System  Error  -  Horizontal 
-  32  bit  float 
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Total  System  Error  •  Vertical 

•  32bitfloat  _ 


Miss  OeXance  -  Horizontal 

•  32bitfloat  _ 


Miss  Distance  -  Vertical 

-  32  bit  float  _ 


Gun  Direction  Wit  Desired  Aimpoinl 

-  Horizonteil  -  32  bit  float _ _ 


Gun  Direction  Wit  Desired  Aimpoint 

-  Vertical  -  32  bit  float _ 


Vehde  World  Velocity  ♦  X  Component 
-32bftfloat  _ _ 


Vehicle  World  Velocity  -  Y  Component 
-32bitfloat  ■ 


Vehicle  World  Velocity  -  Z  Component 
-  32  bit  float _ 


Vehicle  World  Acceleration  -  X  Component 
-  32  bit  float _ 


Vehicle  World  Acceleration  -  Y  Component 
-32bftfloat  _ 


Vehicle  World  Acceleration  -Z  Component 
-32  bit  float 


Vehicle  Angular  Velocity  -  X  Component 
-  32  bit  float  _ 


Vehicle  Angular  Velocity  -  Y  Component 
.32bilfloat  _ 


Vehicle  Angular  Velocity  -  Z  Component 
-  32  bit  float  _ 


Padding  -  32  bits  unused _ 


Actual  Trajectory-Target  Plane  Intersection 
World  Position  -  X  Coordinate 

-64bitfloat  _ 


Actual  Trajectory-Target  Plane  Intersection 
World  Position  -  Y  Coordinate 

-64bitfloat  _ _ 


Actual  Trajectcry-Target  Plane  Intersection 
World  Position  -  Z  Coordinate 

_ -  64  bit  float _ 

Padding  -  64  bits  unused 
Actual  Flyout  T rajectory 

_ -  2560  bit  Traiectory-Record _ _ 

Flyout  Trajectory  With  out  Dispersions 
-  2560  Pit  Trajectory-Record _ 


Fgure  122*  Message  Format  for  Action  Resoonse  PDU  Customized  For  Delivery  Accuracy 
^  ■  VViA. 
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96 

Protocol  Version  -  8  w.  enumeraiion 

" 

Exeicise  ID  -  8  bit  unsdned  inteqer 

PDU 

PDU  Tvoe  •  8  bit  erumeration  . 

HEADER 

Paddinq  -  8  bit  unused 

Time  Stamo  -  32  bit  unsianed  inteqer  _ 

. . . 

Paddina  •  16  bits  unused 

64 

ORIGINATING 

ENTITY  ID 

Site  •  16  bit  unsigned  integer 
Application  - 16  bit  unsigned  Integer 

Entity  •  16  bit  unsign^  integer 

Grouo  -16  tit  unsicred  Inteqer 

64 

RECEIVING 

ENTRY  ID 

Site  - 16  bit  unsigned  integer 
AppBcation  - 16  bit  unsigned  integer 

Entity  - 16  bit  unsigned  integer 

Grouo  -16  bit  unsioned  integer 

32 

PADDING 

32  bits  unused 

32 

REQUEST  ID 

32  bit  unsianed  inteqer 

32 

REQUEST  STATUS 

32  bit  unsianed  inteqer 

32 

NUMBER  OF  FIXED  DATUM 
FIELDS 

0x00000000 

32 

NUMBER  OF  VARIABLE 
DATUM  FIELDS 

0x00000001 

1472 

DIRECT 

FIRE 

VULNERABILITY 

ASSESSMENT 

VV&A 

DATA 

0x000001 2E  (302) 

(See  Section  4.2i.1.2)  -  32  bit  unsigned  int 

'  0x00000580  (1408) 

32  bit  unsianed  inteqer 

Direct  Fire  Tvoe  -  8  bts  unsigned  int  „ 

Paddina  -  8  bits  unused 

Ranae  From  Firer  At  Rrina  - 16  bit  us  integer 

Rre  Event  -  Site  ID  - 16  bit  uns.  integer 

Rre  Event  -  Appfication  0  - 16  bit  uns.  int 

Rre  Event  -  Event  ID  - 1 6  bit  uns.  int. 

Firing  Entity  -  Site  ID  - 13  bit  uns.  integer 
Firing  Entity-  Application  ID  - 16  bit  uns.  int. 
Firina  Entitv  -  Entity  ID  - 16  bit  uns.  int. 

DIS  Munition  Type 
-  64  bit  Entitv  T\ce  Record 

Impact  Location  Ve“icle  Position 
-  X  Coordinate  -  34  bit  float 

Impact  Location  Vehicle  Position 
-  Y  Coordinate  -  34  bit  float 

Impact  Location  Venide  Position 
-  Z  Coordinate-  64  bit  float 

Impact  Azimuth  •  32  bit  float 

Dispersion  Of  Impacting  Round 
-32bitffcat 

Exposure  Mode  -  8  bt  unsigned  int 

Paddina  -  24  brz  unused 

STAFF  Submunition  Attack  Azimuth 
-  32  bit  feat 

STAFF  Submunition  Arrack  Elevation 
-  32  bit  fCat 

M-Kill  Probability 
-  32  bit  feat 
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F-Kill  Probability 

_ .32  ait  float _ _ 

■  M  or  F-Kil  Probability 

_ -32  ait  float _ 

'  K-Kill  Probability 

-  32  ait  float _ _ 

M  Only-Kil  Probability 

_ .32  bit  float _ _ 

F  Only-Kil  Probability 

_  .  32  bit  float _ 

M  and  F  Oniy4<ill  Probability 

_ .32  bit  float _ _ 

KOnly-WI  Probability 

_ .32  bit  float  _ _ 

Kill  Tnermometer  -  M  Only  Stan 

_ .32  bit  float _ 

Kill  Tbermomster  -  F  Only  Start 

_ .32  bit  float _ 

Kill  Thetmometer.  M  and  F  Only  Start 

_ .32  bit  float _ 

Kill  Tnermom^r  -  K  Only  Start 

.32  bit  float _ 

Random  Number  Selected 

_  .32  bit  float _ 

Kill  iN-oe  -  8  unsigned  integer 
Old  Kilt  Status  -  8  bit  unsigned  integeF 
New  KiM  Status  -  8  bit  unsigned  integer 
Crew  Casualty  *  S  bit  unsigned  integer 
Army  Minition  N£rne[0]  -  8  bit  chcracter 


Army  Murition  Namef251  •  8  bit  character 
Army  DF\'A  Munitbn  Type[0]  -  8  bit  char. 


Amnv  DFVA  Munitcn  Tvpef20]  -  8  brc  char. 


Rgure  123: 


Message  Format  for  Action  Request  PDU  Cusomized  For  Direct  Fire  V  jinerability 

VV&A. 
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PDU 

HEADER 


ORIGINATING 
ENTITY  ID 


RECEIVING 
ENTITY  ID 


Fields  Of  Action  Response  PDU  Customized  For 
Indirect  Vulnerability  Assessment  VV&A 

Protocol  Version  -  8  bit  enumeration 


Exercise  ID  -  8  bit  unsigned  integer 


-  8  bit  enumeration 


Paddinq  -  8  bit  unused _ 


Time  Stamp  -  32  bit  unsigned  integer 


Length  - 16  bit  unsigned  integer 


Padding  •  16  bits  unused 


Site  - 16  bit  unsigned  integer 
Application  - 16  bit  unsigned  integer 
Entity  - 16  bit  unsigned  integer 
Group  -16  bit  unsigned  intege. 


Site  - 16  bit  unsigned  integer 
Application  - 16  bit  unsigned  integer 
Entity  - 16  bit  unsigned  integer 
Group  -16  brt  unsigned  integer 


32  bits  unused _ 


32  bit  unsigned  integer 


32  bit  unsigned  integer _ 


0x00000000 


PADDING  _ _ 


REQUEST  ID _ 


REQUEST  STATUS 


NUNBER  OF  FIXED  DATUM 
FIELDS  _ 


NUMBER  OF  VARIABLE 
DATUM  FIELDS 


INDIRECT 

RRE 

VULNERABILITY 

ASSESSMENT 

V\'&A 

DATA 


0x00000001 


0)^00012F  (303) 

rsee  Section  4.2.2.1.2T  -  32  bit  unsigned  int 
0x00000880  (2176) 

_ 32  bit  unsigned  integer _ 

Indirect  Fire  Type  -  8  bit  unsigned  int 
Environment  Type  -  8bit  unsigned  integeF 
Exposure  Type  -  8  bit  unsigned  inte^r 
Damage  Function  Selected  -  8  bit  unsigned 

_  integer _ _ 

Kill  Type  -  8  bit  unsigned  integer 
Environment  Type  -  8  bit  unsigned  integer 
Exposure  Type  -  8  bit  unsigned  integer 
Paddinq  -  8  bits  unused 

Vehicle  \Woi1d  Position  •  X  Coordinate 
-64  bit  float 


Vehicle  World  Position  -  Y  Coordinate 
-  64  bit  float 


Vehicle  World  Position  -  Z  Coordinate 
-  64  bit  float 


Detonation  World  Position  -  X  Coordinate 
-  64  bit  float 
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Detonation  World  Position  •  Y  Coc  -inate 
-  64  bit  floa: 

Detonation  World  Position  -  Z  Coc>-:inate 
-  64  bit  floa: 

DIS  Munition  Type  -  64  tSt  Entity  i  ype 
Record 

DIS  Fuze  Type  - 16  bit  unsigne:  mt 

Padding  - 16  bits  unused 

Environment  Scalar 
-32bitfloai 

Exposure  Scalar  Fcr  M-Kill 
•  32  bit  float 

Exposure  Scalar  For  F-Kill 
-  32  bit  floa* 

Exposure  Scalar  For  M  or  F-Kil 
-32  bit  float 

Exposure  Scalar  For  K-Kill 
-32  bit  float 

Lethal  Area  For  ).VKill 
-32  bit  floa: 

Lethal  Area  For  F-Kill 
-  32  bit  floa: 

Lethal  Area  For  M  or  F-Kili 
-  32  bit  float 

Lethal  Area  For  K-Kill 
-32  bit  float 

HEM  Initial  Kill  Probabilir/  -  32  bit  float 

HEM  RATS  Value  -  ^  bit  float 

Detonation  Wrt  Vehicle  Offset  In  nange 
-  32  bit  floa: 

Detonation  Wrt  Vehicle  Offset  In  Dariection 
-  32  bit  float 

ICM  Number  Of  Submunitons  - 16  cit  float 

Padding  - 1 6  bits  unused 

ICM  Reliability  -  32  bit  float 

Firer-Delonation  Range  -  32  bit  coat 

Pattern  Cutoff  Radius  •  32  bit  roat  _ 

M-Kill  Probablity 
-  32  bit  float 

F-Kill  Probablity 
-32bitftoa: 

M  or  F-Kill  Protebility 
-32  bit  float 

K-Kill  Probablity 
-  32  bit  float 

M  Only-Kill  Probability 
-32  bit  floa: 

F  Only-Kill  Probability 
-32  bit  floa: 

M  and  F  Only-Kill  pTobabilir. 

-32  bit  float 
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K  Only-Kill  Probability 

* _ -  32  bit  float  _ 

Kill  Thermometer  -  M  Only  Start 

-  32  bit  float _ 

Kill  Thermometer  -  F  Only  Start 

_ -  32  bit  float  _ 

Kill  Thennometer  -  M  arKl  F  Only  Start 

. _ -32  bit  float _ _ 

Kill  Thermometer  -  K  Only  Start 

_  -32  bit  float _ _ 

Random  Number  Selected 

_ -32  bit  float _ _ 

Driver  Casualty  Status  -  8  bit  unsigned 

_ integer _ 

Loader  Casualty  Status  -  8  bit  unsigned 

_ integer  _ 

Conner  Casualty  Status  -  8  bit  unsigned 

_  integer _ 

Commander  Casualty  ^tus  -  8  bit  unsigned 

_  integer _ 

Munition  Terminal  World  Velocity 

_ -  X  Component  -  32  bit  float _ 

Munition  Terminal  World  Velocity 

_ -  Y  Component  -  32  bit  float _ 

Munition  Terminal  World  Velocity 

_ -  Z  Component  -  32  bit  float _ 

Rre  Event  -  Site  ID  - 16  bits  uns.  int. 

Fire  Event  -  Application  ID  - 16  bits  uns.  int 
Fire  Event  -  Event  ID  - 16  bits  uns.  int. 
Firing  Entity  -  Site  ID  - 16  bits  uns.  int. 
Firing  Entity  -  Application  ID  - 16  bits  uns.  int 
Rring  Entity-  Entity  ID  - 16  bits  uns.  int 
Army  Munition  Name[0]  -  8  bit  character 


Amy  Munition  NarT>ef251  -  8  bit  character 
Army  IFVA  Munition  TypetO]  -  8  bit  char. 


Amy  IFVA  Munition  TvpefISl  -  8  bit  char. 
Army  Fuze  Type(0]  -  8  bit  character 


II  Army  Fuze  Tvd^IOI  -  8  bit  character 

|~  Padding  -  24  bits  unused 

Figure  124:  Message  Format  for  Action  Response  PDU  Customized  For  Indirect  Fire 

^  Vulnerability  W&A. 
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■■rRfnS^H 

Fields  Of  Action  Response  PDU  Customized  For 

Coax  Gun  VV&A 

96 

Protocol  Version  -  8  bit  enumeration 

Exercise  ID  •  8  bit  unsigned  integer 

PDU 

HEADER 

PDU  Tvoe  -  8  bit  enumeration 

Padding  -  8  bit  unused 

Time  Stamo  •  32  bit  unsigned  integer 

Padding  - 16  bits  unused 

64 

ORIGINATING 

ENTRYID 

Site  - 16  bit  unsigned  integer 
Application  - 16  bit  unsigned  integer 

Entity  - 16  bit  unsigned  integer 

GrouD  *16  bit  unsigned  integer 

64 

RECEIVING 

ENTITY  ID 

Site  •  16  bit  unsigned  integer 
Application  - 16  bit  unsigned  integer 

Entity  •  16  bit  unsigned  integer 

GrouD  -16  bit  unsigned  integer  .  . 

32 

PADDING 

32  bits  unused 

32 

REQUEST  ID 

32  bit  unsigned  integer 

32 

REQUEST  STATUS 

32  bit  unsigned  integer 

32 

NUMBER  OF  FIXED  DATUM 
FIELDS 

0x00000000 

32 

NUMBER  OF  VARIABLE 
DATUM  FIELDS 

0x00000001 

1408 

COAX  GUN 

VV&A 

DATA 

0x00000130  (304) 

(See  Section  42.2.1.2)  -  32  bit  unsigned  int 

0x00000540  (1344) 

‘  32  bit  unsigned  integer 

Lay  Error -Azimuth 
-32  bit  float 

Lay  Error  -  Elevation 
-32  bit  float 

Lay  Point  Wortd  Position  -  X  Coordinate 
-  64  bit  float 

Lay  Point  World  Position  -  Y  Coordinate 
-64  bit  float 

Lay  Point  World  Position  -  Z  Coordinate 
-  64  bit  float 

Sight  World  Position  -  X  Coordinate 
-64  bit  float 

Sight  World  Position  -  Y  Coordinate 
-64  bit  float 

Sight  World  Position  -  Z  Coordinate 
-64bitfloat 

Sight  World  Orientation  -  Psi 
-32  bit  float 

Sight  World  Orientation  -  Theta 
-32bitfloat 

Sight  World  Orientation  -  Phi 
-32bttfloat 

Lead  Sight  -  8  bit  unsigned  integer 

Padding  -  24  bits  unused 

Target  World  Position  -  X  Coordinate 
-  64  bit  float 

Target  World  Position  -  Y  Coordinate 
-64bitfloat 
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Target  World  Position  -  Z  Coordinate 
•  64  bit  float 

Target  Entity-  Site  ID  - 16  bits 

Target  Entity-  Application  ID  - 16  bits 
Taraet  Entity-  Entity  ID  - 16  bits 

Firer-Taroet  Mobility  Status  -  8  bit  uns.  int. 

Taraet  Hit  Status  -  8  bit  uns.  int 

Detonation  World  Position  -  X  Coordinate 
-64  bit  float 

Detonation  World  Position  -  Y  Coordinate 
-64bitfbat 

Detonation  World  Position  -  Z  Coordinate 
-64  bit  float 

Foced  Bias  -  Horizontal  -  32  bit  float 

Fixed  Bias  -  Vertical  •  32  bit  float 

Burst  Disoersion  -  Horizontal  -  32  bit  float 

Burst  Disoersion  -  Vertical  •  32  bit  float 

Static  Round  Dispersion  -  Horizontal  -  32  bit 
float 

Static  Round  Dispersion  -  Vertical  -  32  bit  float 

Dynamic  SM  Dispersion  AddOn  -  Horizontal 
-32  bit  float 

Dynamic  SM  Dispersion  Add-On  -  Vertical 
-32  bit  float 

Dynamic  MS  Dispersion  AddOn  -  Horizontal 
-32  bit  float 

Dynamic  MS  Dispersion  Add-On  -  Vertical 
-32  bit  float _ _ 


Message  Forrat  for  Action  Response  PDU  Customized  For  Coax  Gun  W&A. 
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Field  Size 
(bits) 

Fields  Of  Action  Response  PDU  Customized  For 

STAFF  Round  VV&A 

96 

Protocol  Version  -  8  bit  enumeration 

Exercise  ID  -  8  bit  unsigned  integer 

PDU 

PDU  Tvoe  •  8  bit  enumeration 

HEADER 

Padding  -  8  bit  unused 

Time  Stamo  -  32  bit  unsigned  integer 

Length  - 16  bit  unsigned  Integer 

Padding  •  16  bits  unused 

64 

originating 

ernTYiD 

Site  - 16  bit  unsigned  integer 
Application  - 16  bit  unsigned  integer 

En%  - 16  bit  unsigned  integer 

Grouo  -16  bit  unsigned  Integer 

64 

RECEIVING 

enriYiD 

Site  - 16  bit  unsigned  integer 
Application  - 16  bit  unsigned  integer 

Entity  - 16  bit  unsigned  integer 

Groiin  -16  bit  unsigned  integer 

32 

PADDING 

32  bits  unused 

32 

REQUEST  ID 

32  bit  unsigned  integer 

32 

REQUEST  STATUS 

32  bit  unsigned  integer 

32 

NUMBER  OF  FIXED  DATUM 
RELDS 

0x00000000 

32 

NUMBER  OF  VARIABLE 
DATUM  FIELDS 

0x00000001 

1472 

STAFF 

ROUND 

VV&A  . 

DATA 

0x00000131  (305) 

(See  Section  4.2.2.1.2)  -  32  bit  unsigned  int 

'  0x00000580  (1408) 

■  32  bit  unsigned  integer 

STAFF  Fire  Event  -  Site  ID  - 16  bit  us  int 
STAFF  Fire  Event  -  Applic.  ID  - 16  bit  us  int 
STAFF  Firs  Event  -  Event  ID  - 16  bit  us  int 

STAFF  Range  - 16  bit  unsigned  integer 

Seeker  Activation  Range  - 16  bit  us  integer 

Seeker  Activation  Status  -  8  bit  us  integer 

Submunition  Fire  Status  -  8  bit  us  inteoer 

Time  At  STAFF  Rring  -  32  bit  us  integer 

Time  At  Seeker  Activation  -  32  bit  us  integer  _ 

Time  At  Submunition  Firing  -  32  bit  us  integer 

STAFF  Reliabilitv  -  32  bit  float 

Random  Number  Drawn  Against  Reliability- 
32  bit  float 

Antenna  Beam  Azimuth  -  32  bit  float 

Forw^ard  Look  Angle  -  32  bit  float 

Range  From  Vehicle  At  Submunition  Firing  - 
16  bit  us  int 

Target  Entity  -  Site  ID  - 16  bit  unsigned  M 
Target  Entity  -  Application  ID  - 16  bit  us  int 
Target  Entity  -  Entity  ID  - 16  bit  unsigned  int 

Target  World  Position  -  X  Coordinate 
-  64  bit  float 

Target  World  Position  -  Y  Coordinate 
•  64  bit  float 

Target  World  Position  -  Z  Coordinate 
-  64  bit  float 
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,  Target  World  Orientation  -  Psi 

_ _ -32  bit  float _ 

Target  World  Orientation  -  Theta 

_ _ -32  bit  float _ 

Target  World  Orientation  -  Phi 

_  -32  bit  float _ . 

Number  Of  Targets  Detected  - 16  bits  us  int 
Firer-Target  Mobility  Status  -  8  bit  uns.  int 

_ Padding  -  8  bits  unused _ 

Submunition  Firing  Location-  X  Coordinate 

_ _  -64  bit  float  _ 

Submunition  Firing  Location  •  Y  Coordinate 

_ _  -64  bit  float  _ 

Submunition  Firing  Location  -  Z  Coordinate 

_  -64  bit  float _ 

Submunition  Detonation  Location 

-  X  Coordinate 

_  -64  bit  float _ 

Submunition  Detonation  Location 

-  Y  Coordinate 

_ -64  bit  float _ 

Submunition  Detonation  Location 

-  Z  Coordinate 

_  -64  bit  float  _ 

Fixed  Bias  -  Horizontal  -  32  bit  float 

Fixed  Bias -Vertical -32  bit  float 
Aimpoint  Bias  -  Horizontal  -  32  bit  float 
Aimpoint  Bias  -  Vertical  -  32  bit  float 
Static  Round  Dispersion  -  Horizontal  -  32  bit 

_ float  _ 

Static  Round  Dispersion  -  Vertical  -  32  bit  float 
[dynamic  SM  Oispeiaon  Add-On  -  Horizontal 

_ -32  bit  float _ ■ 

Dynamic  SM  Dispersion  Add-On  -  Vertical 

_ _ -  32  bit  float _ ^ _ 

Dynamic  MS  Dispersion  Add-On  -  Horizontal 

_ -  32  bit  float _ _ 

Dynamic  MS  Dispersion  Add-On  -  Vertical 
-32  bit  float  _ 


Figure  126: 


Message  Format  for  Action  Response  PDU  Customized  For  STAFF  Round 

W&A. 
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APPENDIX  C  -  VV&A  TEST  DESIGN  SAMPLES 
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1 .  OVERVIEW 

This  Appendix  gives  an  overview  of  a  portion  of  the  M1A2  VV&A  Evaluation 
Plan  and  Test  Design  Plan  for  Target  Acquisition  and  Delivery  Accuracy.  The  purpose 
of  this  Appendix  Is  to  provide  a  frame  of  reference  for  the  use  of  the  simulator  VV&A 
tools. 


2.  TARGET  ACQUISITION 

The  M 1 A2  acquisition  sensors  are  visually  presented  to  the  commander,  gunner 
and  driver  through  a  Computer  Image  Generator  (CIG).  Target  Acquisition  is  the 
ability  to  detect,  recognize  and  identify  targets;  however  the  CIG  must  first  accurately 
portray /present  the  targets  and  surrounding  environment  for  a  specific  sensor  device. 
For  example  the  CIG  must  adequately  portray  a  Forward  Looking  Infrared  (FLIR)  sensor 
and  how  that  FLIR  (i.e.  CIG  image)  presents  the  scene  to  the  viewer  (gunner,  etc). 
Validation  of  the  Computer  Image  Generator  and  validation  of  Target  Acquisition  are 
closely  linked. 


/ssue:  How  well  does  the  M1A2  simulator's  level  2  Computer  Image 
Generator  render  realistic  scenes  for  each  sensor  based  on  the 
environment  to  include  terrain,  cultural  features  and  icons  ? 

Criteria-.  CIG  evaluation  will  be  evaluated  by  Subject  Matter  Experts 

issue-.  How  well  does  the  M 1 A2  simulator's  target  acquisition  capability 
permit  the  crew  to  detect,  recognize  and  identify  targets  ? 

Criteria-.  Ability  of  the  simulator  crew  (man-in-the-loop)  to  detect, 
recognize  and  identify  targets  must  be  characteristic  of  the  M1A2 
system  requirements  and  system  performance.  Results  will  also  be 
compared  to  NVESD  model  estimates. 


The  M1 A2  employs  four  sensors  as  described  below: 

{ 1 )  The  commander  and  gunner  are  equipped  with  the  Gunner  Primary  Sight 
(GPS)  which  displays  the  Direct  View  Optics  (DVO)  in  Wide  Field  of  View  (WFOV)  or 
Narrow  field  of  View  (NFOV). 
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(2)  The  GPS  is  also  switchable  to  the  Thermal  Imaging  System  (TIS)  which  can 
be  magnified  to  WFOV  or  NFOV. 

(3)  The  commander  is  equipped  with  an  independent  thermal  flat  panel  display, 
the  Commanders  Independent  Thermal  Viewer  (CITV),  which  operates  in  WFOV  or 
NFOV. 


(4)  The  driver  is  equipped  with  three  forward  looking  vision  blocks,  i.e.  out-the- 
window  view.  The  commander  also  has  three  vision  blocks  located  in  the  cupola. 
The  cupola/vision  blocks  can  be  rotated  around  360  degrees  to  provide  the 
commander  with  a  360  degree  view. 


2.1  Test  Plan 

The  following  tests  will  be  conducted  to  validate  CIG  performance  and  Target 
Acquisition  capability: 

2.1.1  CIG  Characterization  and  Icon  Representation. 

The  terrain,  cultural  features  and  icons  must  be  sufficiently  representative  of 
the  real  world  being  depicted.  Each  icon  should  have  the  same  level  of  fidelity/detail 
so  that  target  acquisition  is  not  unduly  Influenced.  Furthermore  there  should  not  be 
any  unrealistic  cues,  such  as  color,  which  readily  distinguish  friendly  versus  enemy 
targets.  Subject  Matter  Experts  will  qualitatively  assess  the  CIG  and  Icon 
Representation. 

2.1.2  Target  Acquisition  In-field-of-View  -  Vehicle  Target  Icons. 

Table  1  contains  the  target  acquisition  test  matrix  for  the  terrain,  cultural 
features  and  icons.  Four  M1A2  qualified  gunners  and/or  commanders  will  detect, 
recognize  and  identify  six  targets.  Pairs  of  targets  were  chosen  from  three  target 
classes.  The  six  targets  will  consist  of:  a  tank  class  -  Ml  A2  Abrams  and  the  T80;  an 
Infantry  track  vehicle  class  -  M2A2  Bradley  and  the  BMP2;  a  light  wheeled  vehicle 
class  -  HMMWV  and  BTR*60.  Each  target  will  be  presented  In  four  range  bands, 
which  are:  short  range  (1 600-1 800  meters);  medium  range  (2300-2500  meters);  long 
range  (3600-3800  meters);  very  long  range  (5400-5600  meters).  Additionally  null 
targets  will  appear  in  a  randomly  ordered  sequence.  The  environmental  conditions 
include:  day  7km  visibility;  day  with  3.5km  visibility;  and  night.  These  various 
conditions  will  be  replicated  on  different  backgrounds  and  clutter.  The  number  of 
replications  conducted  is  a  function  of  the  environmental  condition. 
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Each  gunner  will  look  through  a  given  sensor  and  magnification  (e.g.  TIS  (N)). 
One  target  will  be  presented  in  a  certain  range  band  and  under  a  certain  environmental 
condition.  The  gunner  will  attempt  to  acquire  the  target  to  the  highest  level  of 
acquisition  possible.  The  acquisition  scale  in  ascending  order  is:  no  detection, 
detection,  recognition  (i.e.  Tank  Class,  APC  Class,  Truck  Class,  Air  Class), 
identification  {e.g.  Ml  A2,  BMP2,  etc.).  Additionally  a  quadrant  will  be  drawn  on  the 
sight  glass,  so  that  the  target  appears  to  be  in  one  of  the  quadrants:  far  left,  middle 
left,  middle  right,  and  far  right.  During  the  test  execution,  for  example,  a  gunner  will 
be  presented  with  one  target  and  he  will  state  "M1A2  far  right  quadrant". 


2.1.3  Target  Acquisition  In-field-of-View  -  Line  Pair  Boards. 

The  standard  2.3  by  2.3  meter  line-pair  target  boards  for  detection,  recognition 
and  identification  will  be  presented  to  four  test  gunners.  The  boards  will  be  randomly 
spaced  within  four  range  bands.  Only  one  board  will  be  presented  at  any  one  time. 
Gunners  will  vocally  annouhce  the  number  of  line-pairs  that  are  discernable  and  the 
orientation  of  the  lines  "horizontal"  or  "vertical".  The  Target  Board  Test  Matrix  is 
contained  in  Table  1. 


Table  1.  Target  Acquisition  Test  Cases 


ENVIRONMENT 

SENSORS 

DVO  (N) 

DVO  (W) 

TIS  (N) 

TIS  (W) 

CITV  (N) 

CITV  (W) 

Day 

7km  Visibility 

X 

X  B 

X  B 

X 

X  B 

X 

Day 

3.5km  Visibility 

Y 

Y  B 

Y  B 

Y 

Y  B 

Y 

Night 

NONE 

NONE 

Y  B 

Y 

>- 1 

Y 

Notes: 

X  =  4  simulators  (i.e.  gunners/commanders),  6  targets,  4  ranges,  5  replications 
Y  =  4  simulators  (i.e.  gunners/commanders),  6  targets,  4  ranges,  2  replications 
B  =  Line-pair  Board  Test  _ 
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2.2  Data  Required 

The  following  data  will  be  collected: 
e  the  condition  presented 

ee  environment  (e.g.  day  7km  visibility,  etc) 
ee  sensor  (e.g.  DVO(N),  etc) 
ee  target  (e.g.  M1A2,  T80,  line-pair  board,  etc) 
ee  range  and  range  band  (e.g.  1620  meters,  short  range  band) 
ee  observer  vehicle  location  (X,  Y,  Z,  heading) 
ee  observer  sight  location  (X,  Y,  Z,  heading) 
ee  target  vehicle  location  (X,  Y,  Z,  heading) 
ee  aspect  angle  of  target  relative  to  observer  sight  location 
e  gunner  acquisition  response 
e  gunner  quadrant  response 

e  gunner  time  (seconds)  to  determine  highest  level  of  acquisition 

The  target  acquisition  test  will  be  conducted  with  the  use  of  the  Verification, 
Validation  and  Accreditation  Test  Tool  (WATT).  Data  will  be  captured  by  Standard 
Protocol  Data  Units  (PDUs),  the  Target  Acquisition  VV&A  PDUs  and  the  WATT. 


2.3  Evaluation  Plan 

The  data  will  be  aggregated  over  both  similar  and  varying  conditions.  Time  to 
acquire  and  probabilities  of  detection,  recognition,  identification  and  false  targets  will 
be  determined  as  a  function  of  similar  and  varying  conditions.  Results  will  be 
compared:  across  conditions,  to  NVESD  model  estimates  and  to  system  requirements 
for  acquisition. 
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3.  DELIVERY  ACCURACY 


/ssue:  How  well  does  the  M1A2  simulator  simulate  the  120mm  Sabot 
and  HEAT  rounds'  delivery  accuracy  ? 

Criteria:  The  simulated  delivery  accuracy  must  be  comparable  to 
demonstrated  round  performance  from  actual  M1A2  technical  tests 
and/or  AMSAA  analytical  estimates. 


The  Ml  A2  Abrams  tank  M256  1 20mm  main  gun  fire  control  attempts  to  simply 
point  the  gun  so  that  a  round,  when  fired,  will  hit  the  target  aimpoint.  The  Abrams 
takes  Into  account  the  offset  of  the  sight  to  gun,  air  temperature,  air  pressure,  cant, 
propellant  temperature,  cross  wind,  distance  to  target,  gravity  and  the  relative  crossing 
motion  of  the  target  and  Abrams.  The  fire  control  does  not  account  for  coriolis,  but 
this  influence  is  small.  In  practice,  the  fire  control  solution  is  only  approximate 
because  of  differences  between  the  actual  tank  environment  and  the  sensed 
environment.  Fire  control  errors  are  attributable  to  tracking  errors,  own-vehicle  motion 
disturbances  getting  through  the  stabilizer,  gun  pointing  errors  (actual  hardware), 
variations  In  ammunition  size,  shape,  weight,  integrity,  yaw,  muzzle  velocity,  launch 
characteristics,  gun  vibrations  and  influences.  These  unpredictable  variations  are 
characterized  empirically  by  their  statistical  distributions. 

Delivery  accuracy  is  defined  in  terms  of  a  distance  from  a  desired  aimpoint.  This 
is  called  "total  system  error"  and  is  the  distance  between  the  projectile  and  the 
desired  aimpoint  in  the  vertical  plane,  which  is  normal  to  the  line  of  sight  to  the  target 
and  contains  the  desired  aimpoint.  Total  system  error  is  expressed  as  an  angle.  If  the 
actual  aimpoint  and  the  desired  aimpoint  do  not  coincide,  the  angular  distance 
between  the  two  is  termed  "lay  error".  Lay  error  subtracted  from  the  total  system 
error,  is  termed  the  projectile  "miss  distance".  Hitting  probability  is  the  result  of 
Integrating  the  total  system  error  density  function  over  the  presented  vertical  target 
area,  a  projection  of  the  target  outline  in  a  vertical  plane  containing  the  desired 
aimpoint. 


3.1  Test  Plan 

Delivery  accuracy  tests  are  divided  Into  four  major  scenarios: 
1 .)  stationary  firer  versus  stationary  target. 
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2. )  moving  firer  versus  stationary  target, 

3. )  stationary  firer  versus  moving  target, 

4. )  moving  firer  versus  moving  target. 

In  all  scenarios,  except  moving  firer  versus  moving  target,  a  2.3m  x  2.3m 
vertical  target  centered  on  a  10m  x  10m  panel  Is  used.  In  the  moving  firer  versus 
moving  target  scenario,  a  2.3m  x  4.6m  target  Is  used.  A  clearly  defined  aimpoint  is 
marked  on  each  target.  The  gunner  should  follow  established  engagement  procedures 
defined  In  the  Ml  A2  training  manual.  Engagement  procedures  should  mirror  the  FM 
17-12  series  manual  as  closely  as  possible,  including  ranging  to  target  just  before 
trigger  pull. 


3.1.1  Stationary  Firer  versus  Stationary  Target 

Table  2  shows  the  stationary  firer  versus  stationary  target  test  matrix.  In  each 
case,  the  target  is  located  out  of  the  M1A2's  narrow  field  of  view.  The  gunner 
engages  the  target,  and  then  fires  a  second  round.  The  gunner  continues  finding 
targets  until  60  shots  have  been  accumulated  for  the  engagement  range. 


Table  2  -  Stationary  Firer  versus  Stationary  Target  Test  Matrix 


Range  (m) 

Shots  per  Target 

Number  of  Targets 

1500 

2 

30 

2500 

2 

30 

3000 

2 

30 

3500 

2 

30 

3.1.2  Moving  Firer  versus  Stationary  Target 

The  moving  firer  versus  stationary  target  test  matrix  is  contained  in  Table  3. 
In  the  20  kph  head-on  case,  the  M 1 A2  moves  toward  the  target.  The  range  to  the 
target  at  the  start  of  the  run  should  be  0.5  km  to  1  km  farther  than  the  engagement 
range.  In  the  20  kph  crossing  case,  the  M1A2  moves  crosswise  to  the  target. 
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Table  3  -  Moving  Firer  versus  Stationary  Target  Test  Matrix 


Firer  Speed  (kph) 

Range  (m) 

Shots  per  Rep 

Number  of  Reps 

20  kph  Head-on 

1000 

2 

30 

1500 

2 

30 

2000 

2 

30 

2500 

2 

30 

20  kph  Crossing 

1000 

2 

30 

1500 

2 

30 

3.1.3  Stationary  Firer  versus  Moving  Target 

Table  4  shows  the  stationary  firer  versus  moving  target  test  matrix.  The  target 
must  remain  perpendicular  to  the  firer  and  the  elevation  of  the  aimpoint  must  remain 
constant.  The  test  environment  should  emulate  the  Aberdeen  Proving  Ground's 
Bubble  Moving  Target  Simulator. 


Table4-Stationary_Firer^ersus_Moving_Target_^stM^^^ 


Target  Path 

Target  Speed 
(kph) 

Range  (m) 

Shots  per  Rep 

Number  of  Reps 

CV20 

20 

1500 

2 

30 

2000 

2 

30 

2500 

2 

30 

1  ATMT 

Variable 

1500 

10-20 

10 

2000 

10-20 

10 

2500 

10-20 

10 
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r«90  «  a  constant  speed  crossing  target.  The  ATMT  path  is  a  maneuvering 
combat  path  running  for  273  7;^-- 

of  being  accurate. 

»a  1  A  Moving  Firer  versus  Moving  T^ragl 

Tho  mnwino  firer  versus  moving  target  test  matrix  is  contained  in  Table  5.  For 
the  acJual  ^s  «se  ?s  treated  by  comNning  stationary  firer-movmg 

target  accuracy  with  the  add-on  dispersion  for  fire-on-the-move. 

Table  5  -  Moving  Firer  versus  Moving  T arget  Test  Matrix  _ 


Crossing  Speed  (kph) 


Range  (m)  Shots  per  Rep  Number  of  Reps 


*  2.3m  X  4.6m  vertical  target 


3.2  Data  Required 

rr,ui'red  »  a  function  of  time,  but  rather  as  a  function  of  trigger  pull. 

e  Desired  aimpoint  coordinates  with  respect  to  an  earth  reference  (w/r/t/e). 
O^g^nof  SiSurie  on’l'^muteirwWt^.  x.y.zin  meters,  versus  time 
“MWpoiroTfte  gun  trunnion  w/r/t/e,  x,y,z  in  meters,  versus  time  in  1/10 
secondJnterva^^.^or,  ,he  desired  aimpoint  w/r/t  the  midpoint  of  the  sight  reticle  in 

mrads.^horizonta,^andvert«^ 

horizontal  and  vertical,  versus  time  in  1/10  second  intervals. 
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•  Inputs  to  the  fire  control  computer:  range(m),  cant(mrad),  cross wind(m/sec), 
propellant  temperature(°F),  air  temperature(T),  air  pressurednches  Hg),  boresight 
values(mrads),  computer  correction  factor(s)  (mrads). 

•  Actual  meteorological  conditions,  if  different  from  those  in  f  above. 

•  Ballistic  solution  (mrads),  horizontal  and  vertical  -  where  the  fire  control 
wants  to  point  the  gun  axis  at  the  trunnion,  w/r/t  the  boresight  line. 


•  Actual  trajectory  of  the  projectile  at  500m  increments,  desired  by  horizontal 
range(m),  helght(m),  and  deflection(m),  out  to,  and  including  the  point  of  closest 
approach  to  the  aimpoint. 

•  Projectile's  time-of-flight  as  a  function  of  the  trajectory. 

•  Sight  pointing,  and  gun  pointing  direction  at  the  trunnion,  w/r/t  the  desired 
aimpoint  at  trigger  pull  time,  in  mrads,  horizontal  and  vertical.  Tag  these 
measurements  with  the  trigger  pull  times. 

•  Gun-to-Sight  offset,  the  difference  between  sight  pointing  and  gun  pointing 

directions. 

•  Total  system  error,  equals  the  projectile  location  minus  the  desired  aimpoint. 

•  Projectile  miss  distance  at  the  point  of  closest  approach  to  the  desired 
aimpoint.  Miss  distance  equals  the  total  system  error  minus  lay  error.  Express  the 
miss  distance  in  terms  of  horizontal  and  vertical  deflections  (m). 

•  Number  of  hits  and  Number  of  shots 


Additional  data  Items  required  under  the  stationary  firer  versus  moving  target 
condition  and  the  moving  firer  versus  moving  target  conditions  are: 

•  Velocity  of  the  desired  aimpoint  w/r/t/e,  dx/dt,  dy/dt,  dz/dt,  in  m/sec,  versus 
time  in  1/10  second  intervals. 

•  Target's  instantaneous  rate 


Additional  data  items  required  under  the  stationary  firer  versus  moving  target, 
moving  firer  versus  stationary  target,  and  moving  firer  versus  moving  target  conditions 
are: 

•  azimuth  linear  lead  required,  equals  the  target's  instantaneous  rate  multiplied 
by  the  projectile's  time  of  flight. 

•  kinematic  lead  error,  equals  azimuth  gun-to-sight  offset  minus  the  linear  lead 
required 

•  system  induced  error,  equals  kinematic  lead  error  plus  the  lay  error 
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The  delivery  accuracy  test  will  be  conducted  with  the  use  of  the  Delivery 
Accuracy  Logger  files,  in  order  to  present  the  scenario.  Data  will  be  captured  by 
Standard  Protocol  Data  Units  (PDUs),  the  Target  Acquisition  and  Tracking  VV&A 
PDUs,  and  the  Delivery  Accuracy  VV&A  PDU's. 


3.3  Evaluation  Plan 

The  mean  and  standard  deviation  of  each  group's  miss  distances,  lay  errors, 
total  system  errors,  etc.  will  be  calculated.  The  grand  mean  and  overall  standard 
deviation  will  also  be  computed. 

All  the  delivery  accuracy  statistics  will  be  compared  to  the  Ml  A2  technical  test 
results,  analytical  estimates  and  quasi-combat  values.  The  gun-to-sight  offset  will  be 
compared  to  the  fire  control  sensor  inputs  and  manual  inputs. 
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DISTRIBUTION 


No.  of 

Copies  Distribution 

3  Commandant 

U.S.  Army  Dismounted  Warfare 
Test  Bed 

ATTN:  ATSH-WC  (COL  Canada/ 

Mr.  John  D’Errico) 

Ft.  Benning,  GA  31905-5400 

1  Commandant 

U.S.  Army  Infantry  School 

ATTN:  ATSH-CD  (COL  W.  Patterson) 

Ft.  Benning,  GA  31905-5000 

1  Commandant 

U.S.  Army  Infantry  School 
ATTN:  ATSH-BFV-TSM 
(COL  T.J.  Strauss) 

Ft.  Benning,  GA  31905-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development  and  Engineering  Center 
ATTN:  SMCAR-TD  (Ms.  Price) 
Picatinny  Arsenal,  NJ  07806-5000 

2  Commander 

U.S.  Army  Armor  Center 
ATTN:  ATZK-CD  (COL  E.  Bryla/ 

Mr.  Ken  Hunt) 

Ft.  Knox,  KY  40121-5215 

1  Commander 

U.S.  Army  Aviation  Center 
ATTN:  ATZQ-CD  (COL  Stewart) 

Ft.  Rucker,  AL  36362-5(X)0 


No.  of 

Copies  Distribution 

2  Commander 

U.S.  Army  Aviation  and  Troop 
Command 

ATTN:  AMSAT-R-Z  (Messrs.  House/ 
Matt  Arnold) 

4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120-1798 

3  Commander 

U.S.  Army  Aviation  Center  & 

Ft  Rucker  Aviation  Test  Bed 
ATTN:  (CPT  P.  Swicord/ 

Mr.  John  Miller/CPT  David  Chapman) 
P.O.  Box  620385 
Ft.  Rucker,  AL  36362-0385 

2  Commander 

U.S.  Army  Materiel  Command 
ATTN:  AMCRD  (MG  Piatlier)/ 

AMCRD-I  (Mt-Ed-Westeot^ - 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Commander 

U.S.  Army  Missile  Command 
ATTN:  AMSMI-R  (Dr.  McCorkle) 
Redstone  Arsenal,  AL  35898-5010 

1  Commander 

U.S.  Army  Missile  Command 
ATTN:  AMSMI-RD-SS-SD 
(Mr.  William  Phillips) 

Redstone  Arsenal,  M.  35898-5010 
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No.  of 

Copies  Distribution 
3  Commander 

U.S.  Army  Mounted  Warfare  Test  Bed 
ATTN:  ATSB-CDC  (MAJ  Hu/ 

MAJ  Wilkenson/ 

Mr.  Paul  Monday  (Loral)) 

Ft  Knox,  KY  40121 

7  Commander 

U.S.  Army  Simulation,  Training  and 
Instrumentation  Command 
ATTN:  (Dr.  Hofer/  Mr.  Stan  Goodman/ 
Mrs.  Susan  Harkrider/ 

Mr.  Gene  Wiehagan/  COL  Drabczu/ 
Mr.  Ben  Paz/  Mr.  Ray  Green) 

12350  Research  Parkway 
Orlando,  FL  32826-3276 

1  Commander 

U.S.  Army  Tank  &  Automotive 
Command 

ATTN:  AMSTA-CR  (Mr.  Wheelock) 
Warren,  MI  48397-5000 

1  Commander 

U.S.  Army  Tank  &  Automotive 
Command 

Research,  Development  &  Engineering 
Center 

ATTN:  AMSTA-OI  (Mr.  John  Brabbs) 
Warren,  MI  48397-5000 

1  Commander 

U.S.  Army  Training  and  Doctrine 
Command 

ATTN:  (MG  Lehowicz) 

Fort  Monroe,  VA  23651-5000 


No.  of 

Copies  Distribution 

2  Commander 

U.S.  Army  Training  and  Doctrine 
Command 

Systems  Manager-CATT 
ATTN:  ATZK-SM  (COL  White/ 
Mr.  Mike  Johnson) 

Ft.  Knox,  KY  40121 

1  Director 

U.S.  Army  Aviation  and  Troop 
Command 

ATTN:  AMSAT-R-AB 
(Dr.  Nancy  Bucher  M/S  243-4) 
Moffett  Field,  CA  94035-1000 

1  Director 

U.S.  Army  Operational  Test  and 
Evaluation  Command 
ATTN:  Technical  Director 
Park  Center  IV 
4501  Ford  Avenue 
Alexandria,  VA  22302 

1  Director 

U.S.  Army  Research  Laboratory 
ATTN:  AMSRL-DD  (COL  Miller) 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1145 

3  Director 

U.S.  Army  TRADOC  Analysis 
Command-FLVN 
ATTN:  ATRC-ZD  (Mr.  Bauman/ 
MAJ  Stratis)/ATRC-FZ 
Ft.  Leavenworth,  KS  66027-5200 
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No.  of 

Copies  Distribution 
2  Director 

U.S.  Army  TRADOC  Analysis 
Command-Monterey 
P.O.  Box  8692 
Naval  Post  Graduate  School 
ATTN:  ATRC-RDM  (LTC  Proctor/ 
MAJ  Chris  Pate) 

Monterey,  CA  93940 

6  Director 

U.S.  Army  TRADOC  Analysis 
Command-WSMR 
Combat  Simulation  Directorate 
ATTN:  ATRC-WE  (Mr.  Lee  Kirby/ 
Mr.  Dave  Dixon) 

ATRC-WA  (Messrs.  Reynolds/ 
Doug  Mackey /Carrol  Denney/ 
Charles  Miller) 

White  Sands  Missile  Range,  NM 
88002-5502 

1  DTAO 

ATTN:  Mr.  Taylor 
5109  Leesburg  Pike 
Suite  317 

Falls  Church,  VA  22041 

1  Director 

Assessment  and  Evaluation 
ATTN:  SARD-ZD 
(Dr.  Herbert  K.  Fallin,  Jr.) 
Assistant  Secretary 
of  the  Army  for  Research, 
Development  and  Acquisition 
Room  2E673 
103  Army  Pentagon 
Washington,  DC  20310-0103 


No.  of 

Copies  Distribution 

2  Deputy  Under  Secretary  of 

the  Army  for  Operations  Research 
ATTN:  SAUS-OR  (Mr.  Hollis/ 
LTC  Hardy) 

Room  2E660 

Under  Secretary  of  the  Army 

102  Army  Pentagon 
Washington,  DC  20310-0102 

1  Office  of  the  Assistant  Secretary 

of  the  Army  for  Research, 
Development  and  Acquisition 
ATTN:  SARD-ZS  (MG  Hite) 
Room  3E448 

103  Army  Pentagon 
Washington,  DC  20310-0103 

1  Office  of  the  Assistant  Secretary 
of  the  Army  for  Research, 
Development  and  Acquisition 
ATTN:  SARD-DO  (COL  Huff) 
Room  3E360 

103  Army  Pentagon 
Washington,  DC  20310-0103 

2  Office  of  the  Assistant  Secretary 
of  the  Army  for  Research, 
Development  and  Acquisition 
ATTN:  SARD-TT  (Dr.  A.  Fenner 
Milton,  Jr. /Mr.  John  Yuhas) 
Room  3E479 

103  Army  Pentagon 
Washington,  DC  20310-0103 
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No.  of 

Copies  Distribution 

1  Office  of  the  Assistant  Secretary 
of  the  Army  for  Research, 

Development  and  Acquisition 
ATTN:  SARD-ZT  (Mr.  Singley) 

Room  3E374 

103  Army  Pentagon 

Washington,  DC  20310-0103 

1  Office  of  the  Deputy  Chief  of  Staff  for 
Operations  &  Plans 
ATTN:  DAMO-FD  (COL  Bill  Hixon) 
Room  3A538 
103  Army  Pentagon 
Washington,  DC  20310-0103 

1  Office  of  the  Deputy  Chief  of  Staff  for 
Operations  &  Plans 

ATTN:  DAMO-ZD  (Mr.  John  A.Riente) 
Room  3A538 
103  Army  Pentagon 
Washington,  DC  20310-0103 

1  Office  of  the  Vice  Chief  of  Staff 

for  Program  Analysis  and  Evaluation 
ATTN:  DACS-DPZ 
(Dr.  J.  J.  Bellaschi) 

Room  3C718 

103  Army  Pentagon 

Washington,  DC  20310-0103 

1  Office  of  the  Deputy  Chief  of 
Staff  for  Intelligence 
ATTN:  DAMI-FI  (Ms  Marilyn  Macklin) 
Room  2E473 
102  Army  Pentagon 
Washington,  DC  20310-0102 


No.  of 

Copies  Distribution 

2  Office  of  the  Assistant  Secretary  of 
Defense  for  Program  Analysis  and 
Evaluation 

Land  Forces  Division 
ATTN:  (Mr.  Andrus  Villu/ 

Dr.  William  G.  Lese) 

18(X)  Defense  Pentagon 
Washington,  DC  20310-1800 

2  Program  Executive  Officer 

Armored  Systems  Modernization 
ATTN:  SFAE-ASM 
SFAE-ASM-AG  (COL  Knox) 

Warren,  MI  48397-5(KX) 

2  Program  Executive  Officer 

Aviation 

ATTN:  SFAE-AV/SFAE-AV-LB 
(LTC  T.  Walsh/Mr.  Gilbert  Boen) 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120-1798 

1  Program  Manager 
Abrams  Tank  System 
ATTN:  SFAE-ASM-AB 

(COL  Caldwell)/SFAE-ASM-AB-LF 
(MAJ  Doug  Hanify) 

Warren.  MI  48397-5000 

2  Program  Manager 
Apache  Modernization 
ATTN:  SFAE-AV-AAH 

(COL  James  Snider/LTC  Rick  Ryles) 
Bldg  105 

4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120-1798 
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1  Program  Manager 
Comanche 

ATTN:  SFAE-AV-RAH 
(BG  Orlin  L.  Mullen) 

4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120-1798 

3  Program  Manager 

Bradley  Fighting  Vehicle  System 
ATTN:  SFAE-ASM-BV  (COL  Dennis 
Deming/  Mr.  Gary  Chamberlain) 
SFAE-ASM-BV-R  (Mr.  Chung  Laio) 
Warren,  MI  48397-5000 

1  Program  Manager 

Combined  Arms  Tactical  Trainer 
U.S.  Army  Simulation  Training  and 
Instrumentation  Command 
ATTN:  PM-CATT  (COL  James  Shifflet) 
12350  Research  Parkway 
Orlando,  FL  32826-3276 

3  Program  Manager 

Tactical  Missiles  (Javelin), 

ATTN:  SFAE-FS-AM  (COL  Roddy/ 
Messrs.  Nalley /Robert  Perry) 

Redstone  Arsenal,  AL  35898-5720 

3  Program  Manager 

Line-of-Sight  Anti-tank 
U.S.  Army  Missile  Command 
ATTN:  SFAE-ASM-LS 
(COL  Marvin  Smith)/ 

SFAE-ASM-LS-E  (Mr.  Allen  Zumbach) 
Redstone  Arsenal,  AL  35898-8051 


No.  of 

Copies  Distribution 

1  Program  Manager 
Non-Line-of-Sight 
ATTN:  SFAE-MFL-NL-TM 
(Mr.  Brian  Wheeler) 

Redstone  Arsenal,  AL  35898 

2  Program  Manager 

Rapid  Force  Projection  Initiative 
U.S.  Army  Missile  Command 
ATTN:  AMSMI-RD 
(Ms.  Emily  Vandiver/  Mr.  Greg 
Tackett) 

Redstone  Arsenal,  AL  35898-5000 

1  Program  Manager 

Tank  Main  Armament  Systems 
Picatinny  Arsenal,  NJ  07806-5000 

2  Program  Manager 

Close  Combat  Anti-armor  Weapons 
ATTN:  SFAE-MSL-TO 
(COL  Armbruster) 
SFAE-MSL-TO-Y  (CPT  R.  Niezes) 
Redstone  Arsenal,  AJ-  35895-5710 

2  Illusion  Engineering  Inc. 

ATTN:  (Messrs.  Bob  Frasier/ 

Hank  Crooks) 

2660  Townsgate  Road,  Suite  530 
Westgate  Village,  CA  91361 

1  Institute  for  Defense  Analysis 

ATTN:  (Mr.  Chris  Christenson) 
2001  N.  Beauregard  St. 

Alexandria,  VA  22311 
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1  Institute  for  Defense  Analysis 

ATTN:  (Mr.  Smith) 

1801  N.  Beauregard  St. 

Alexandria,  VA  22311-1772 

5  Loral 

Advanced  Distributed  Simulation 
ATTN:  (Messrs.  Mark  Kenworthy 
Touraj  Assefi/Rick  Bess 
Dan  Owen/Dale  Miller/Mary  Kruck) 
13810  SE  Eastgate  Way,  Suite  500 
Bellevue,  WA  98005 

6  Loral 

Advanced  Distributed  Simulation 
ATTN:  (Ms.  Carol  Ladd/  Messrs. 
Andy  Ceranowicz/Wayne  Civinskas 
Alan  Dickens/Biyant  Collard/ 

David  Alvey) 

50  Moulton  Street 
Cambridge,  MA  02138 

4  Loral 

Advanced  Distributed  Simulation 
ATTN:  (Messrs.  Warren  Richeson/ 
Gordon  Sayre/  Alan  Aouate/ 

Randy  Toth) 

12151A  Research  Parkway,  Suite  303 
Orlando,  FL  32826-3283 

4  Loral-Vought  Systems 
P.O.  Box  650003 
ATTN:  (Messrs.  Jim  B.  Green/ 

Shelly  W.  Rilley/ 

Bob  Pippin/Dick  Hanking  M/S  EM90) 
Dallas,  TX  75265-0003 


No.  of 

Copies  Distribution 

1  Naval  Post  Graduate  School 

Department  of  Computer  Science 
ATTN:  CS/PR  (Mr.  Dave  Pratt) 
Monterey,  CA  93943 

1  Nichols  Research  Corp. 

4040  South  Memorial  Parkway 
ATTN:  (Ms.  Bonnie  Caldwell/ 

Mr.  Tony  Wingenter) 

Mail  Stop  907 
P.O.  Box  400002 
Huntsville,  AL  35815-1502 

2  Orion  Advanced  Simulation  & 
Information  Systems 
ATTN:  (Mr.  Carl  Hobson/ 

Mr.  Henry  Davies/Ms.  Ann  Davies) 
5455  Corporate  Drive  Suite  116 
Troy,  MI  48098 

1  Rand  Corp. 

ATTN:  (Dr.  Keith  Brendley) 

P.O.  Box  2138 

Santa  Monica,  CA  90407 
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U.S.  Army  Test  and  Evaluation 
Command 

ATTN:  AMSTE-TD  (Mr.  Pollard) 
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3  Director 

U.S.  Army  Research  Laboratory 
ATTN:  AMSRL 

AMSRL-SL  (Dr.  Dietz/  Dr.  Starks) 
APG,  MD  21005-5066 


35  Director 

U.S.  Army  Materiel  Systems 
Analysis  Activity 

ATTN:  AMXSY-D(Mr.  John  McCarthy) 
AMXSY-C  (Messrs.  Arend  Reid/ 
fJorVAV  T 

AMXSY-E  (Mr.  Walt  Clifford) 
AMXSY-L  (Mr.  Dave  Shaffer) 
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AMXSY-EV  (Mr.  John  Blopmquist) 
AMXSY-ST  (Mr.  Phil  Beavers/ 
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Dwyane  Nuzman/Rich  Sandmeyer/ 
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Messrs.  Wally  Hughes/ 
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AMXSY-EA  (Messrs.  Alex  Wong/ 
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STUDY  GIST 

SUBJECT:  Technical  Report  Number:  570,  Anti-Armor  Advanced  Technology 
Demonstration  {A2  ATD)  Verification,  Validation  and  Accreditation  (VV&A)  Tools  for 
Simulators. 

PRINCIPAL  FINDINGS:  See  Objectives  below. 

MAIN  ASSUMPTIONS:  Prior  to  the  execution  of  the  Anti-Armor  Advanced 
Technology  Demonstration  (A2  ATD)  Distributed  Interactive  Simulation  (DIS) 
Experiments  all  the  individual  models/elements  of  the  DIS  Experiment  must  first  be 
verified,  validated  and  accredited  (VV&A).  The  simulators  and  Modular  Semi- 
automated  Force  (MODSAF)  need  to  be  VV&A'd  before  the  experiment.  Additionally 
the  entire  Experiment  needs  to  be  VV&A'd. 

PRINCIPLE  LIMITATIONS/SCOPE  OF  EFFORT:  The  VV&A  tools  contained  in  this 
report  are  based  on  the  Ml  A2  simulator.  However,  these  tools  are  sufficiently  general 
that  they  transfer/adapt  well  to  other  weapon  systems/simulators.  For  example, 
nearly  all  weapon  systems/simulators  require  a  gunner  to  detect,  recognize  and 
identify  targets;  therefore,  the  M1A2  simulator  VV&A  methodology  and  tools 
developed  to  capture  target  acquisition  capabilities  are  transferable. 

OBJECTIVES:  The  Anti-armor  Advanced  Technology  Demonstration  is  a  series  of 
Battlefield  Distributed  Simulation  -  Developmental  (BDS-D)  experiments  focusing  on 
A2  weapon  systems  evaluations.  A2  ATD  Experiments  consist  of  a  combination  of 
one  or  more  simulators  coupled  with  MODSAF.  Each  combination  requires  VV&A  of: 
individual  simulators,  MODSAF  and  the  entire  BDS-D  simulation.  Under  the  A2  ATD 
program,  methodologies  and  tools  have  been  designed  and  developed  to  assist  In  the 
VV&A  process  of  individual  simulators,  MODSAF  and  the  BDS-D  simulation.  This 
report  outlines  and  describes  the  VV&A  methodologies  and  tools  developed  and 
demonstrated  for  an  individual  simulator. 

BASIC  APPROACH:  Since  the  purpose  of  A2  ATD  centers  on  weapon  systems 
evaluations,  then  the  VV&A  tools  are  also  geared  toward  that  end.  The  tools  are: 

1 . )  VV&A  Test  Tool  for  target  acquisition  tests; 

2. )  VV&A  Protocol  Data  Units  for  target  acquisition,  tracking,  delivery 
accuracy,  direct  fire  vulnerability,  indirect  fire  vulnerability.  Smart  Target  Acquisition 
Fire  and  Forget  (STAFF)  round,  coax  machinegun; 

3. )  Delivery  Accuracy  Logger  Files  for  test  scenarios; 

4. )  DIS  Analytical  Tools  to  format  and  output  results; 


5.)  Simulation  Manager  for  setting  certain  data  items  in  the  simulator  (e.g.  fuel 
quantity). 

In  the  future,  the  VV&A  tools  will  continue  to  evolve  and  mature.  Additionally  other 
tools  will  be  developed  to  streamline  the  VV&A  process. 

REASON  FOR  PERFORMING  THE  STUDY  OR  ANALYSIS:  Historically,  the  analytical 
community  has  used  constructive  models  such  as  Janus  and  CASTFOREM  to  conduct 
analysis  for  the  acquisition  process.  These  types  of  models  do  not  fully  represent  the 
impacts  of  human  interaction  with  the  system  and  the  human  influence  on  combat 
effectiveness  of  the  system.  The  Training  and  the  Research  and  Development 
communities  have  used  real  time  man-in-the-loop  DIS  for  several  years.  However,  the 
full  potential  of  DIS  as  an  evaluation  tool  to  support  materiel  acquisition  decisions  has 
not  been  realized;  A2  ATD  will  explore  the  use  of  DIS  as  an  evaluation  tool.  As  one 
feeder  into  the  use  of  DIS  as  an  evaluation  tool,  each  simulator  participating  in  the 
experiment  must  be  VV&A'd. 

IMPACT  OF  THE  STUDY/PLAN:  The  A2  ATD  VV&A  Tools  for  Simulators  provides  a 
blueprint  for  use  in  methodology,  data  collection  and  analysis  to  support  simulator 
VV&A.  These  activities  provide  "credible"  simulator  responses/results  and  therefore 
provide  the  overall  experiment  with  "credible"  outcomes. 

SPONSOR:  This  effort  is  sponsored  by  the  Headquarters,  Department  of  the  Army, 
Assistant  Secretary  of  the  Army  for  Research,  Development  and  Acquisition. 

PRINCIPLE  INVESTIGATOR:  Irene  Johnson,  Combat  Integration  Division,  AMSAA. 
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